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^ (54) Title: COMPOSITIONS AND METHODS FOR INHIBITING EXPRESSION OF EG5 GENE 

(57) Abstract: The invention relates to a double- stranded ribonucleic acid (dsRNA) for inhibiting the expression of the Eg5 gene 
CD (Eg5 gene), comprising an antisense strand having a nucleotide sequence which is less that 30 nucleotides in length, generally 19-25 
nucleotides in length, and which is substantially complementary to at least a part of the Eg5 gene. The invention also relates to a phar- 
maceutical composition comprising the dsRNA together with a pharmaceutically acceptable carrier; methods for treating diseases 
caused by Eg5 expression and the expression of the Eg5 gene using the pharmaceutical composition; and methods for inhibiting the 
expression of the Eg5 gene in a cell. 
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COMPOSITIONS A ND METHODS FOR INHISfriNC? E XPRESSION OF E^5 

GENE 

Related AppIteatioM 

This application claims the benefit of U S, Pmvisional Application No. 
6Q/7f?,.762, filed March 31, 2006, and U.S. Provisional Application No. 60/g7(} ? 259, 
filed December 15, 2006. Both prior applications are iineotporBted herein by reference 
in their entirety. 

Field oi'lbe Irevegitfoii 

tlus inyemioo relates to double-straxKled ribonucleic acid (dsRN A), and its 
use in mediating RNA interfcreBoe to inhibi t the expression of the Eg5 .gme.aud the 
use of the ds&NA to treat pathological processes mediated hy EgS expression, such as 
sanest, alone or in combination with a dsRNA targeting vaoulsr emlothdiari growth 
factor (VEGF), 

Baejk^roimd af the inveBtion 

The maintemmee of cell populations wittrin m organism is governed by the 
edlalar processes of eel! divkioil and programmed ceil death. Within normal cells, the 
cellular events associated with the initiation and completion of each process is highly 
regulated. In prollfeatfve disease such as canter, one or both of itee processes may 
be pert urbed, For example, a cancer ceil may haw lost its regulation (checkpoint 
control} of the cell division cycle through either the overexpres^on of a positive 
regulator or the loss of a negative reguiator ? perhaps hy mutation, 

Almmatively, & cancer eel! may have lost fee ability to undergo pmgraHiroet! 
cell death through fee o^^ Hence, there is a need to 
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develop new cbemotherapeutie drugs tJiat wi ll restore the processes of checkpoint 
control and proiprammed cell death to cancero as ceils, 

Om approach to the treatment of homan cancers is to target a protein tmi is 
essential Ibr cell . cycle progression. In order for the cell cycle to proceed from or*e 
phase to the next, certain prerequisite even ts must be compl eted. There are 
checkpoints within tiie eel! cycle that enforce the proper order of wents and phases. 
Om such chsckpmiii: Is the spindle checkpoint that occurs during the metaphase sta^e 
o f mitosis , Small molecules thai, target proteins . wife essential fonctrons in mitosis 
may initiate the spindle checkpoint to arrest cells in mitosis. Of the small molecules 
that arrest cells in mitosis, those which display and -tumor activity in the clinic also 
induce apopiosis, the morphological changes associated with programmed ceil death. 
An etlfeeti ve ehexnothen^peiitie. for the treatment of cancer may thus be one which 
induces checkpoint control and programmed cell dea&. Unfertunately, there are. few 
compounds available for cont^x>lIing these processes within the cell Most compounds 
known to caiise mitotic arrest and apoptosis act as tubulin binding agents. These 
compounds alter the dynamic instability of microtub ules and indirectly alter t he 
ft:in€ti0n/struetare of the mitotic spindle thereby causing mitotic arrest Because most 
of these compounds speci fically target the tahuiin protein which is a component of all 
microtubules, they may also affect one or more of the numerous normal cellular 
processes in. which micn>tutmles have a role. Hence, there is also a need for small 
molecules that more specifically target proteins associated with prolifeadng eclls, 

EgS is one of several ldnesin4ike motor proteins that are localized to the 
mitotic spindle and known to be reqoircd for- formation and/or function of the bipolar 
mitotic spindle. Recently, there was a report of a small moleeiile that disturbs 
Mpoknty of the mitotic spindle (Mayer, I II et al. 1999. Science 236(5441) 971-4, 
herein incorporated by reference). More specifically,., the small moleenle indnced the 
.form ati on o f m aberran t m itoiic spindl e wherein, a monoastral array of sn ietotnh nl en 
emanated from a centra! pair of ceiitrosomes, with chromosomes attached to the distal 
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ends of the microtubules The small mokcule was du bbed yj ?nonastmP after the 
nmto&stra! array, This mqnoastral array phenotype had been previously observed in 
mitotic cells that were immuBodepfeted of the EgS motor prof chl This, distinctive 
mori0:asfeai array phenotype fkrflltated identification of monastto! as a potetial 
inhibitor of EgS > Ihdeed, monastrol was ftirther shown to inhibit tte Eg5 motor-driven 
motility of iBicmtobuks in m in vitro assay, the £g$ inhibitor monastic! had no 
apparent ei&ct upon the related kinesin motor or upon the Biotar(s) responsible for 
goJgt apparatus movement within the cell (Sells that display the monoastm! array 
pherioiype either trough immimodepietioii of EgS or monastro! inhibition of EgS 
arrest m M~phase of the cell cycle, However, the mitotic arrest induced by either 
immnnodepledon or inhibition of %5 is transient (Kapoor, T. M. v 2000, J Cell Biol 
150(5) 975-80), Both the monoastrai array ptoiotype and the cell cycle arrest in 
mttom $ induced, by rponasho! are rever sihfe. Cells recover to form a normal bipolar 
mitotic spindle, to complete mitosis and to, proceed through the cell 'cycle mid norma! 
cell proliferation. These data suggest that a srnall molecule inhibitor of %5 which 
induced a transient mitotic arrest may not be ef&etive for the treatment of cancer eel! 
proliferaiian. Nonetheless, the discovery that monastrol causes mitotic arrest is 
intriguing and hence there is a need to thrther study and Identify eompormds which 
can he used to modulate the EgS motor protein in a manner that would be effective in 
the treatment of human cancers. There h also a need to explore the use of these 
compounds in eombination with other antineoplastic agents; 

YEGF (also known m vascular permeahility factor, VPF) is a ruultimiictionai 
cytokine that stimulates angiogenesis, epithelial eel! proliferation, mid. endothelial cell 
survival VBOF can be produced by a wide variety of tissues, and its overexprcssion 
or aberrant expression can result in a variety disorders, including eaucers and retinal 
disorders such as age-related macular degeneration and other angiogenic disorders. 

Recently, doiible-stranded KNA molecnles (tisKNA) have been shown to 
block gene expression in a highly £o.ns£rv^d regBiatory mechanism known as RNA 
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inter terrace (RNAi). WO 99/3261 9 (Hire et aL) discloses the use of a ds&NA of at 
least 25 nucleotides in length: to inhibit the expression of genes in C eiegaxs, dsENA 
has also fceM shomvto degrade target MN A m other organism^ including plants (see, 
e.g., WO 99/53050, Waterhouse et &L; and WO 99/6163 L HmMz et al.) ? Bms&pMia 
(see, eg, y Yang, & t et a!,, Cum Biol (2000) 10:1 I £14200), .and mammals (see WO 
(KW44895, Umitier; and DB 1 01 00 586.5, Kreutzer et&L}* This natural raechmism 
has now become the focus for fee development of a new class of phanimceutieal 
agents fer treating disorders feat are caused by the aberrant or ub watted regulation of 
a gene, 

De^!€^si^t^l<^t:advaa^ in the field of RN Ai and advances in the 
treatment of pathological processes mediated by EgS expression, there rem&ios a. need 
for an agent that can select* vely and efficient] y si! enoe the Eg5 gene using the eel! 9 $ 
own RNAi machinery that has both high biological activity and in vi vo stability,. and. 
that can effectively inhibit expression of a target EgS gene for use in treating 
patfiological processes mediated by EgS expression. 

Summary of the lm?mikm 

The invention provides double-stranded ribonucleic mid (dsRN A% as well as 
composi tions and methods for inhibi ting the expression of the EgS gene in a cell or 
mammal mixig such dsRN A, alone or in combination with a dsRMA targeting YEGF. 
T he invention also provides compositions and methods for treating pathological 
conditions arid diseases caused by the expression of the EgS gene, snch as in o&neen 
The dsHNA of the Invention comprises an RNA strand (the antisense strand) having a 
region which is less than 30 nucleotides in length, generally 19-24 nucleotides in 
length, md is substantially complementary to at least part of m xnRNA transcript of 
the EgS gene. 

In one embodiment, the invention provides double-stranded ribonucleic acid 
(dsRN A ) molecules tor inhibiting the expression of the EgS gene, The dsRNA 
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comprises at least two sequences (hat are compIeBieMary to each other. The dsR N A 
complies a sense strand comprismg a first sequence aod an aniisem?€ strand 
comprising, a second sjequsnce. Hie aatisense stand comprises a nucleotide sequence 
which is ^ubsiaBlMl^ oompleraentar> r fo : at least part Mm mKKA encoding EgS, and 
the region of eompIeTnentarity is less -than 30 nucleotides In length, generally 19-24 
nucleotides m length; 1'he dsRI^A, upon -contacting, with, a cell expressing the BgS, 
inhibits the expression of the EgS gene by at least 40%. 

For example, the dsRH A molecules of the Invention can bo comprised of a 
first sequence . of the dslMA tha t is selected .from, the group consisting of the sense 
.sequences of Tahiti 1-3 and the second sequence is selected f rom the group consisting 
of the aniisense sequences of Tables 1-3. The dsRMA mokeules of the indention can 
he comprised of naturally ocetiitiiig ; nucleotides or can he comprised of at least one 
itiodified nucleotide, meh as a 2 -O-nieth yl; modified nucleotide, a nucleotide 
comprising a 5 ! -phosphoTX>thio<3te group, and a temhna! nisei eoiide linked to a 
chofesteryi deri ved : ve. Alternatively, the modified nucleotide may be chosen f mm . the 
group of; a 2^e0xy~2-~finoro modified nucleotide, a 2 : -deoxy~modified nucleotide, a 
locked nucleotide, an abasic nucleotide, ..2* -aniino-modiiied nueleatlde, 2 ? ~aftyl~ 
modified nucleotide, morpbolino nucleotide, a phosphoramidaic^ and a notM^atural 
base coinprising nucleotide. Generally, such modified sequence will be based on a 
first sequence of said dsRNA selected irom the group consisting of the sense 
sequences of Tables 1-3 and a second sequence selected from the group consisting of 
the anti sense sequences of Tables 1-3. 

in another embodiment the invention pro vides a cell comprising one of the 
dsRNAs of the invention. The eel! is generally a mammalian cell such m a human 
ce.d . 

In another embodiment, the invention, provides a pharmaceutical composition 
for inhibiting the expression of the Eg5 gene in an organism, generally .a 'humah 
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sublet, comprising one or more of the dsRNA of the invention and a 
pharmaceqlicalJy acceptable carrier or deliver vehicle. 

In another embodiment, the indention provides a method for inhibiting the 
expression of the BgS gene in a cell, comprising the following -steps: 

(a) introducing into the cell a tf^<Mtemdtf ribonucleic acid (dsRMA), 
wherein the dsRNA comprises at least two sequences that are 
somplemeniary to each other. The dsRNA comprises a sense strand 
comprising a first sequence and an antisense strand comprising a 
second sequence. The mrtisetiss strand comprises a region of 
mmplcmcntmity which is suhstantMly complemeiitary to at least a 
part of a mHN A encoding Eg5 ? and wherem the region of 
complernemmiiy is less than 30 nucleotides In length, generally 19-24 
nucleotides in length, and wherein the dsRMA, upon contact with a cell 
expressing the EgS, inhibits expression of the Eg5 gene by at least 
40%; and 

(b) maintaining the eel! produced in step (a) for a time sufficient to obtain 
degradation of the mRNA trarjseript of the EgS gene, thereby inhibiting 
expression of the Eg5 gene, in the cell 

hi another embodimeiit^ the invention, pro vides methods for treating, 
presenting or managing pathological processes mediated by Bg5 expression, e,g, 
cancer, £ornpri$ing 4fe^^#ring to a patient in need of such treatment, prevention or 
management a therapeutieahy or prophylactieally effective amount of one or more of 
the dsRN As of the in vention. 

In another embodiment the invention provides vectors for inhihiiing the 
expression of the EgS gene in a eel !, am>prisuig a regulatory s eqo en ee operahly linked 



6 



WO 2007/115168 



PCT/US2007/065636 



to a nucleotide sequence that encodes at feast one strand of one of the dsEB A of the 
invention, 

hi another embodmient, the indention provides a cell eotnprising a vector for 
inhibiting the expression of the Bg5 gene in a cell. The vector comprises a regulatory 
sequence operaMy linked to a nucleotide sequence du&f encodes at least one strand of 
one of 'the dsKNA of the in vention. 

In a frather embodiment, the Invention provides the EgS dsRNA and the uses 
thereof as described above in combination with a second dsRNA targeting the VEGF 
inKN A. A combination of a 6sBM A targeting BgS and a second ds RN A targeting 
■VEGF- provides complementary and synergiatic activity for treating hypcrproliferative 
discords, parti colary hepatic carcinoma. 

Brief Deserlpt ioa of the Figures 

No Figures are presented 

OeiMled 1^ 

llie invention provides double-stranded ribonucleic acid (dsRMA} ? as well as 
compositions and methods for inhibiting the expression o f the EgS gene in a cell or 
mammal ns*ng the dsRN A,. The invention also provides compositions and methods 
for treating pathologieai conditions and diseases in a mammal caused by the 
expression of the EgS gene using dsRNA. dsRNA directs the Be^uence-speciflc 
degradation of rollN A through a process known as RNA interference (RNAi). The 
invention &rther provides this dsRN A hi combination with a second dsRMA that 
inhibits the expression of the VEGF gene, 

1 he dsRN As of the invention comprises an RNA strand (the antisense strand) 
having a region which is less than 30 nucleotides in length, generally 19-24 
nucleotides in length, and is substantially complementary to at least part of an mRNA 
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transcript of the EgS gene. The use of these dsRNAs enables the targeted degrada&n 
of mRNAs of goies that are implicated in replication and or maintermnee of cancer 
cells m ixmtmmh. Using cell-based and animal assays, the present ioventoris have 
demonstrated that very low dosages of these dsRN A om specifically and eflieiently 
mediate RNAI, resul ting m sigmficant inhibition of expression of the EgS gene. Thus, 
the methods and compositiam of the hrvention comprising, these dsRNAs are nsefel 
!br treating pathological processes mediated by EgS expression, e.g. cancer v by 
tar geting a gene iiwolved in mitotic division. 

The following detailed description discloses how to make aim use ikedsRNA. 
and eoMpositions containing dsRNA to inhibit the expression of the EgS geim as well 
as compositions and methods for treating diseases and disorders caused by the 
expression of EgS, such as cancer, alone or hreomhination with a second dsENA 
targeting the VBGP gene. The pharm aceutical compositions of the in vention 
oornpri s e a ds RMA having an antisense strand comprising a region of 
complementarity which is less than 30 nucleotides in length, generally 19-24 
nucleotides in length, and is substantially complementary to at least part of an 'KNA 
transcript of the EgS gene, toget her w i th a pharmaceutical ly acceptable carrier . As 
discussed above, such compositions can farther include a second dsRNA targeting 

vegf;. 

Accordingly, certain aspects of the i nvention provide pharmaceutical 
compositions comprising the dsKNA of the invention together with a 
pharmaceuticaily acceptable carrier, methods of using the compositi ons to inhibi t 
expression of fee EgS gene, and methods of using the pharmaceutical compositions to 
treat diseases caused by expression of the EgS gene. The invention fordier provides 
the aBove phanTiaeeutical compositions flather containing a second dsEN A designed 
to inhibit the expression of VEGF. 
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For convenience, the meaning of certain terms and phrases used m the 
speeffieaiian, exaBipIe% and appended claims, are provided below. If there k an 
apparent discrepancy between the usage of a term in other parts of this spedfieatioa 
and its definition provided in Osis section, the. deflmtidn'm this section shall prevail, 

"CV' "C," "A" and ""U" each generally stand for a nucleotide that contains 
guanine, cytokine, adenine, and uracil m abase, respectively, /However, it will be 
understood that the tenn "ribonucleotide ' or 'iioeieoiid^' can also refer to a modified 
nucleotide, as ibrthet detailed below, or a surrogate replacement moiety, The sMlled. 
person is well aware thai guanine, eyiosme, adenine, and araeil may be replaced by 
other moieties without snbstantially altering the base pairing properties of an 
oligonucleotide comprising a nucleotide bearing such replacement moiety. For 
example,, without limitation, a nucleotide comprising inosine as its base may base pair 
with pnoleoiides. containing adenine, cytokine, or waci.L Hence, nucleotides 
containing uracil, guanine, or adenine may be replaced m the .nucleotide sequences of 
the invention by a nucleotide containing, for example, inosine. Sequencer comprising 
such : replacement moieties are embodiments of the invention. 

As used/herein, **Eg5-- * refers to the toman kinesin family member ! I, which is 
also known as KIF1 1 EgS, H&SP, KNSLl or TRIPS. Eg5 sequence can be found as 
NCSI GenelD:3832, HGNC ID; HGNC:63B8 and RetSeq ID irnmherrNM 004523, 

As used herein, "target sequence" refers to a. 'contiguous portion of the 
nucleotide sequence of an mRN A mol ecule formed during the transcription of the Eg5 
gene, mdudiftg niRN A that is a product of RN A processing of a prim ary transcription 
product. 
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Ab used hereing, VEGF, also known as. vascular pemieahiHty factor, . is an 
migiogenic growth factor. VEGF is a lioiDbdtoeric 45 kDa glycoprotein that exists in 
m least &ree different isolhrnis, VEGF inoforms are expressed in endothelial ceils; 
The VEGF gene contains 8 excm that express a 189-aitdno acid protein iso&rm, A 
165-mmno acid isoten lacks the residues encoded by mmi 6, whereas a 121-arnino 
acid isofoim. lacks the residues encoded by ex&m 6 mi 7. VEGF 1 4 5 m m imik&m. 
predicted to contain 1 45 amino acids and to lack exon 7 r VECSP can act on 
ejidotbeHat cells by binding to an endothelial tyrosine kinase receptar, such as Pli-1 
(VEGFE-I) or KDIVflk^I (VEGFR-2), VHGFR-2 is expressed in endotheliai c^Is 
and Is ' involved -in ^eBdothelial- : cdl <iif f erentiatimi and vasexdogmesis. A third 
receptor, VEGFR-3 'has been Implicated in lyniphogenesis> 

The various isotbrms have different biologic activities and clinics! 
implications. For example, VEGF 1 45 induces angiogenesis and like VEGF I S§ (but 
unlike VHGF165 ) VEGF 145 binds efficiently to the extraceflui&r matrix by a 
m eel sanisrn that is not dependent on extracellular mati'tx-assoeiated heparin sulfates, 
VEGF displays activity as an endothelial cell mitogen and chetnaatiracCant in vitro 
and induces vascular peimeability and angiogenesis in. vivo, VEGF is secreted by a 
wid e variety of career eel! types and promotes the growth of tenors by inducing the 
development of tumor-associated vasculature, inhibition of VEGF function has been 
shown to Jimit both the growth of primary expemnentattyinors as well as the 
incidence of metastases in immunoconipromised mice. Various .dsRMA? directed to 
VEGF are described in eo-peridmg US Sen No. 1 1/078,073 mi 1 1/340,1180, herein 
incorporated by reference). 

As used herein, the term "strand comprising a sequence' * refers to axi 
oiigcsnucleoiide comprising a chain of nucleotides that Is described by ibe sequent 
referred to using the standard nucleotide nomenclature, 
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As- -used hefe% ami unless otherwise indicated, the term ,f comp!^nenter>^ ?J 
when used to describe a firs* 'nucleotide sequence in relation to a second nucleotide 
sequen ce, refers to the .-ability of an oligo^ucieoticie or poivmideoiide comprising the 
first rmeleoiide sequence to hybridize and form a duplex structure under certain 
conditions with 'an oligonucleotide or polyaucleotide comprising thei : $ecoi>d 
nucleotide: sequence, as. will be mKte^ Such conditions 

can, for example, be stringent conditkms, wfee stmigmt. conditions may" include: 400 
mM NaCl 40 mM PIPES pH 6 A 3 mM BDTA, SO* C or 70 o C for 12-16 hours 
followed by washing. Other conditions, such as physiologically relevant conditions as 
may be encountered inside an organism, can apply. The skilled .person will-be able to 
•detennine the set of conditi ons most appropriate for a test of eoniplenient&rity of two 
sequences in accordance with the ultimate application of the hybridised nuelcotides, 

This incl udes base-pairing of the oligortueleotide or polynucleotide comprising 
the first nucleotide sequence to the oligonucleotide or polynucleotide comprising the 
second nucleotide sequence over the entire length of the first and second nucleotide 
sequence,. Such sequences can be referred to as --fully compIemeTUa^y ,r with respect to 
each other herein, However, where a first sequence is. referred to as ^substantially 
coinplemeniary^ with respect to a second sequence hemn ? the two sequences can be 
folly complementary, or they may form one or more, hut generally not more than 4, 3 
or 2 misnMched base pairs upon hybridization, while retaining the ability to hybridise 
under the conditions most relevant to their ultimate application. However, where two 
oligonucleotides are designed to form, upon hybridization, one or more single 
stranded overhangs, such overhangs shall . not be regarded as mismatches with regard 
to the detercnfoation of complementarity. For example, a dsRN A comprising one 
oligonucleotide 21 nucleotides in length and another oli^iucleotidc 23 nucleotides In 
length, wherein the longer oligonucleotide comprises & sequence of 21 nucleotides 
that is folly complementary to the shorter oligonucleotide, may yet he referred to as 
"folly complementary* for the purposes of the invention. 
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%!ompiem^ used herein, may also include, or be farmed 

entirely from, non~ Watson-Crick base pairs and/or base pairs formed from mn-mtmal 
md modified ituck^tidcs. in #s far as the: iabove retirements with respect to their 
ability to hybridise are. MMed 

The terms '"coipplementary'v "^^ly-poi^ieiTS^taiy^- and ^substantially 
complementary" herein may be used with respect to the base matching between the 
serise strand and the anti sense strand of a d^RHA, or between the aotisense strand of a 
dsRN A and a target sequence, as will be understood iknn the context of their use. 

As used herein, a polynucleotide which is "'substantially complementary to at 
least part of a messenger RNA .(mRHA) refers to a polynucleotide which h 
s\i!?stantially coBiplenientaiy to a contiguous portion of die mRNA of interest (e.g.; 
encoding Eg5i For example, a polymieleotids is complementary to at least a part of a 
Eg5 inRN A if the seqaenee is substantially eonrplementarv to a non-interrupted 
portion of a inRNA encoding BgS. 

The term "donbie^tranded RNA" or «NA" as used herein, refers to a 
compl ex of ribonuclei c acid molecules, baying a duplex struct are comprising two 
anti^paralle! and substantially complementary, as defined above, nuclete acid strands^ 
the two strands forming the duplex structure may be different portions of one larger 
RNA molecule* ox they may be separate RNA molecules. Where the two strands are 
part of one J ailer molecule, and therefore are connected by an uninterrupted chain of 
nucleotides between the 3 ? ~end of one strand and the 5 'end of the respective other 
stramt fbrmmg the duplex structure, the connecting RNA cfeam is referred to as a 
^hairpin loop". Where the two strands are eonnectol co vaiently by means other than 
an imintemipted chain of nnCieotides between the 3. -end of one strand and the 5 ? end 
of the respective other strand fbrming the dupl ex structure, the connecting strueiure is 
referred to as a "linker'. The EH A strands may have the same or a different number 
of nucl eotides. The maximum number of base pairs is the number ofnaeleotides in. 
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the shortest strand of the ds&NA miuus any overhangs that are present in the duplex, 
in addition to the dopkx. struclnre, adsENA may comprise one or mora nucleotide 
overlings. 

As used hereih, a *%tdepti4$ overfaang^ refes to the unpaired nucleotide or 
nucleotides that protrude, from the duplex stm&ture of & dsRNA when a 3 -end of one 
^trmid of the dsRNA extends beyond the 5 -end of the other strand, or vice versa, 
'"Blunt" or u bhmi md" means that there are m unpaired nucleotides , at that end of the 
dsEMA, Lp^ no nucleotide overhang, A "blunt ended'' dsENA is a dsRNA that is 
double-stranded over its entire length, Le,, no nucleotide overhang at either end of the 
molecule. 

The temi * v antisens& strand" refers to the strand of a d$RN A which iudodes a 
region that i$ v $iib3tanti.^lly • eomplemmtar)^ to a target sequence. As used herein, the 
term "region of complementarity" refers to the region on the anti sense strand that is 
substantially complementary to a sequence, for example a target sequence, as defined 
herein, Where the region of complementarity is not fully complenicTnary to the target 
sequence, the mismatches; are most tolerated in the terminal regi ons and. if present 
are generally in a terminal region or regions, eg., within 6- 5 S 4, 3, or 2 nndeotMes of 
the 5' and/or 3 ? terniinns. 

The tenn ""sense strand , n as used herein, refers to the strand of a dsRN A feat 
includes a regioo that is substantially complementary to a region of the antiseBse 
strand. 

^intoducini into a cell" when referring to a dsRNA. means ficilitating uptake 
or absorption into the cell as is understood hy those skilled in the art. Absorption or 
uptake of dsRMAcan occur through uuaided diffusive or active cellular processes, or 
by mod \ iarv agents or de vices. The meaning, of thi s term is not limited to cells in 
vitro; a dsRNA may also he "introduced into a eeiT s wherein the eel! is part of a living 
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orgaiiis0i> In such instance* mtroduciion into the cell will include the delivery to the 
organism, For example, for in vivo delivery, dsRNA can. be injected mio t% tissue -site 
Or adnrini^ in vitro introduction into a cell includes methods 

known in the art -such as eieetmporation and lipofectioxt 

lite terms • i si!ence ?r and IxiMbit the expression oi% .m as far as they refer to 
the Egg gene, herein refer, to the at least partial suppression of the expression of fee 
EgS gene, as manifested by a redaetioii of the of mRN A transcribed ftom fee 

Eg5 gene which may be isolated from a first cell or -group of cells in which the EgS 
gene is transcribed and which has or have been, treated such thai the expression of the 
EgS gene is inhibited, as compared to a second cell or group of cells substanii ally 
identical to the "first 'cell or group of cells bat which has or have not been so treated 
(control cells). The .degree of inhibition is usually expressed in terms of 

{ rnRNA in control cells) - fmRNA in treated ceils) , ~ M a , 

u„s^™™™-™~™~*~™»^ m l wry§ 

(mRNA hi control cells) 

.Alternatively y the degree of inhibition may be given in terms of a reduction of 
a parameter that is ftmcliofiafly linked to EgS gene transcription, eg. the amount of 
protein encod ed by the EgS gene which is secreted by a call , or the number of cells 
displaying a certain phenqtype, e.g apop.tosLs. in pnneiple, EgS gene silencing may be 
determined in my cell expressing the target, either constitutively or by genomic 
exigineering, and by any appropriate assay. However, when a reference is needed in 
order to determine whether a given dsRNA inhibits the .expression of the EgS gene by 
a certain degree and therefore is encompassed hvfe^ the assay 

provided m the Examples belo w shall serve as such referetiee... 

For example, in certain instances, expression of the EgS gene (or VKQF gene) 
is suppressed by at least about 20%, 2 5% v 3 5%, or .50% by administration of the 
dc>^bIe--stfandM ollgonneleotide of the iiwentiotv . In some embodirnent, the EgS gene 
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is suppressed by at least abou t 60%, 70%, or m% by admimstrailDn of the double 
stranded olig0tsiicleotide of the mventiou. In some embodiments, the Eg5 gene is 
suppressed by at least about 85%, 90%., or 95% by adminiMradon (>f the dcmHe- 
strmded oligonucleotide of the invention. Tables 1-3 provides values tor inhibition of 
expression using various? Eg§ dsRNA molecules at various eonoemrations. 

As used herein in the contest ..of Eg5 expression, ihe terms "treat", "treatment", 
and the iike^ refer to relief froth or alleviation of pathological processes mediated by 
EgS expression. In the context of tlis present invtlitkm insofar as it relate to any of 
the otber conditions reeited herein below (otter than pathological processes mediated 
by Eg5 expression}^ the imim %eat" 5 ^treatment", md . the like mom to relieve or 
al leviate at least mm symptom associated with such condition, or to slow or reverse 
t he progression of such condition, such m the slowing and progression of hepatic 
carcinoma. 

As used herein, the phrases "therapeutically effective amount" and 
{ >ropbyIactieany effective amount" refer to an amount that pro vides a therap€Ude 
benefit in the treatmen t, prevention, or management of pa thological processes 
mediated by Eg5 expression or an overt symptom of pathological "processes mediated 
by BgS expression (alone or in eoinbihation with VEGF expression). The specific 
amount thai is therapeutically effective can be readily detemtined by ordinary medical 
practitioner, m& May vary depending on factors known in the art, mch as* e.g. the type 
of pathological processes mediated: by Eg5 expression, the patient's history and age, 
the stage of padiniogical processes mediated by BgS expression, ami .the 
administration of other aoti -pafhologieal processes mediated by EgS mprmmm 
agents. 

As used Iierein v a ^pharmaceutical composition" 5 eomprises a 
phannacologicaily effective amount of a dsRNA and a pbanrjaceutically acceptable 
earner. As used hmmh ^pharmacologically effective amount^ ^Iherapeatieally 
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effective -amount" or simply "effective' amoimf ' refers to that amount of an RNA 
effective to produce the intended pharmacological, therapeutic or preventive result 
For ex ample, if a given clinical treatment is coxisiderecl ; : offcctiy&--wbm there is at l east 
a 25% reduction in a measurable parameter associated with a disease or disorder, a 
thet^eutieaify effective aroouat of a drug for the treatment of thai disease or disorder 
is the amount necessary to efer at least a 25% reduction 1b that parameter. 

The term ^phanTiaceuucally acceptable earner'" refers to a earner for 
adxninistrattoi} of a therapeutic agent, Such carriers include;, hut are not limited io v 
saline, fetiffeed £&Mfie, . d^fros^ water, glycerol, edi&ooL and combinations thereof. 
The term specifically excludes cell cultore medionL For drop administered orally, 
pharmaccuticdly aeeep table carriers include, hut are not limited to phannaeeuiieally 
acceptable exdpients such as inert diluents, disintegrating agents, binding agmts, 
lubricating agents, sweetening agents, flavoring agents, coloring agents and 
preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium 
and calcium phosphate, and lactose, while eorn starch mid afgimc acid are suitable 
disintegrating agents, Binding agents may include starch mtd gelatin,., while the 
lubricating agent; IF present, will generally be magBesium stearate, stearic acid or tale, 
I f desired, the tablets may be coated wi th a material such as glyceryl monosteamte or 
glyeeryl dislearate, to delay absorption in the gastrointestinal tract. 

As used licrein, a "Iransiormed cell** is. a cell into which a vector has been 
introduced from which a ds&NA molecule may be expressed. 

II Double-stm ndcd ribonucl eic acid CdsRNA) 

In one embodiment the indention provides double-stranded ribonucleic acid 
(dsRMA) molecules iw inhibiting the expression of the EgS gene (alone or 
incombinaton with a second dsRMA for inhibiting the expression of VEGF) in a cell 
or mammal, wherein the dsRNA comprises an antisense strand comprising a region of 
eornpleme^arity which is complementary io at least a part of an mRNA formed in the 
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expression, of the EgS .gene* arsd wherein ..the region ofeompiemeni&rityis less than 30 
im3eotk!es inlesigtl^ generally 19-24 nucJeotides in length, and wherein said dsllNA, 
upon eoMscf with a cell expr^smg said EgS genc ? inhibits the e&pressioe of said EgS 
gene by at least 40%, The dsRNA comprises two RNA strands that are suffide^ly 
eompleineiit&ry to hybridise to form a duplex structuxe. One strand of the dsRNA (fee 
anMsense sir^d) comprises a region of complemciitarity tlml is. substantially 
eotnp!einentary ? and generally felly coTHpl^niaitary, to a target sequence*, derived 
from the sequence of an mRNA formed during the expression of the EgS gene, the 
other strand (the sense strand) comprises a region which is complementary to the 
antisense strand, such that the two strands hyhridixe&rid form a duplex structure whefc 
combined under suitable conditions. Generally, the duplex siractare is .'between 15 asid 
30, more generally between IS and 35, yet more generally between 19 and 24, and 
most gcnerallv between 19 and 21 base pairs in .length. Similarly, the region of 
canipleTneBtarity to the target sequence is between 1 5 and '3:0, more generally between 
18 and 2S> yet more generally between 1 9 md 24, am! most generally between 19 and 
3 1 nueleotides m length. The dsRNA of the mvemion may further cimipri.se. one or 
more single-stranded nudeotide overhang(s}. The dsKH A can be synthesized by 
standard methods known in the art as ferther discussed below, e.g., by nse of an 
automated DMA synthesizer, such as are commercially ay&Ikhle from, for example^ 
Bioseareh, Applied Biosystems, Inc. In a preferred embodiment, tbe EgS gene is tbe 
human EgS gene. In specific embodiments, the aailsense strand of the dsENA 
comprises the sense sequences of Tables 1-3 and -the seeond sequence is selected 
thegronp consisting of tbe antisense sequences of Tables 1-3, Alternative antisense 
agents that target elsewhere in die target sequence provided in Tables 1-3 ear* readily 
be determined using tbe target sequence and tbe flanking EgS sequence. In 
embodimeiiis using a second dsRNA targeting YBGF, sudb agents are. exemplified in 
the Examples and in co-pending U S Serial Nos; 11/078,073 ami I t/340,0SCK herein 
incorporated by reference 
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The dsRNA will comprise. at least two nucleotide Sequence selected from the 
gro tips, of sequences' 'provided in Tables 1 ~3 < Gne of the two sequences is 
complementary : to. the other of the two sequences, with one of the seipenc^ being 
^uhstaBtially complementary to a sequence of an nfRNA generated in the expression 
of the EgS gene. As suck thedsRHA will comprises two oligonucleotides, wherein 
one oligonucleotide is described as the sense strand in Tables I -3 and the second 
oligonucleotide Is described as the. aniisense strand in Tables Up 

The skilled person is well aware that dsi^N As comprising a duplex structure of 
between 20 and 23, but specifically 2 L base pairs ha ve hems hailed as particularly 
exleetive m inducing RNA interference (EibasMr et aL 5 EMBO 2001, 26:6877-688% 
lioweverv others have ft>imd thai shorter or longer dsRNAs- can be effeeiive as well 
in the embodiments? described above, by virtue of the nature of the oligonucleotide 
sequences provided in Tables U3 y the d$KN As of the inv^ti'on cm comprise at least 
one strand of a length of mini mally 21 xiL li can be reasonably expected that shorter 
dsRN As comprising one of the sequences of Tables 1-3 minus only a few nucleotides 
on one or both ends may be similarly efifeetive as compared to the dsRNAs described 
above. Hence, dsRNAs comprising a partial sequence of al least 15, 16, 17, 18, 1.9, 
20, or more contiguous noeieotides from oneof the sequences of Tables 1-3 , and 
diffieringm their ability to inhibit the expression of the EgS gene in a FACS assay m 
described herein beloxv by not more than 5, 10, 15, 20, 25, or 30 % inhibition fern a 
dsRNA comprising the fell sequence, are contemplated by the mventioa Further 
dsRNAs that cleave within the target sequence provided in Tables 1.-3 can readily be 
made using the Bg5 sequence and the target sequence provided. 

In addition, the RNAi agents provided in Tables identify a site in the EgS 
mRNA that is susceptible to RN Ai based cleavage. As such the present invention- 
further memdes RN Ai agents that target within the sequence targeted by one of the 
agents of the present 'invention. As used herein a second RN Ai agent Is said to target 
Withm the sequence of a first RNAi agent if the seeoM RNAi agent cleaves the 

18 



WO 2007/115168 



PCT/US2007/065636 



message miy where wiiiiin ilie mEMA that is complemeiita^ f6 the antisense strand of 
the first RNAi agmt Snob a. second agent will generally consist of at least. IS 
contiguous nucleotides from one of the sequences provided in Tables 1-3 coupled to 
additional nucleotide sequences taken from the region contiguous to the selected 
sequence in the EgS gene. For example, the last 15 nucleotides of SEQ ID NO:1 
combined with the next 6 nucleotides from the target EgS gene produces a single 
strand agent of 21 nucleotides that i s based on one of the sequences pro vided in. 
Tables ;l-3. 

The dsENA of the invention can contain one or more mismatches to the target 
sequence. In a preferred enihodimenf the dsRNA of -tfee invention contains no more 
than 3 mismatches. If the antisense strand of the dsRNA contains mismatches to a 
target sequence* it is preferable that the area of mismatch not be located m the center 
of the region of complementarity, if the antisense strand of th e dsRHA contains 
mismatches to the target sequencCv it is preferable that the mismatch be restricted to 5 
nucleotides from either end, for example 5, 4# 3, 2, or 1 nucleotide ft^m either the 5* 
or 3* end of 'the region of complementarity* For example, for a 23 nucleotide dsRN A 
strand which is complementary to a region of the Eg5 gene, Oie dsRNA generally does 
not contain any mismatch within the central 13 nucleotides. The methods described 
within the invention can be used to determine whether a dsRHA containing .a. 
mismatch to a target seqnenee is eifeeiiv^ m inhibiting the expression of the EgS gene. 
Consideration of the efficacy of dsRNAs with mismatches in inhibiting expression of 
fee BgS gene is important, especially if the particular region of complementarity in the 
EgS gene is known to have polymorphic sequence variation within the population, 

fa one embodiment, at least one end of the dsRHA has a single-stranded 
nucleotide overhang of 1 to 4, generally 1 or 2 . nucleotides. dsRNAs having at least 
one nucleotide overhang have unexpectedly superior inhibitory properties than their 
blunt-ended counterparts. Moreover, the present inventors have discovered that the 
presence of only one nucleotide overhang strengthens the interference activity of the 
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dsKNA, without affecting its overall, stability. dsRHA having only one overling has 
pr0vm;padiciiMy stable and effective in vivo, as well m in a variety of cells,, eel! 
culture mediums, blood, and sertu% Generally, the single-stranded o verhang is 
located at the iV-termitial end of the antisense strand or; alternatively, at the 5*- 
terniina! end of the sense Mrmil The dsRNA may also have a blunt end, generally 
located at the 5 -end of the amiserise strand,.. Sueb dsRNAs have improve stability 
and inhibitory ■•activity, thus allowing admini strati on at low dosage^ i.e., less than 5 
nig/kg body weight of the recipient per day Generally, the antiseme strand of the 
dsRNA has a n uclcotide overhang at the 3 ' -end, and the 5 is M m\t in another 
einbodimsnt one or more of the nucleotides in the overhang is replaced with a 
nucleoside diphosphate. 

In yet another embodiment, the dsRNA is chemically modified to enhance 
stability. The nucleic acids of the invention may he synthesized -and/or modified by 
methods well estaWi shed in the art, such m those described hi ''Current protocols in 
nucleic acid chemistry", Beancage, SJL et al. (Edrs,) ? John Wiley Sl Sons, fee, New 
York, NY, USA, which is hereby ineoiporated hereiii.by reference. Specific examples 
of preferred dsRN A compounds nsefel in this invention include dsRNAs containing 
modified backbones or no natoral xmernudeoside linkages. As defined in this 
specification, dsRNAs having modified backbones include those that retain a 
phosphorus atom in the backbone and those that do not have a phosphorus atom in XM 
backbone. For the purposes of this specification, and as sometimes referenced in the 
art, modified dsRNAs that do not have a phosphorus atom in their intern aeieoside 
backbone can also be considered to be oiigonucieosldes. 

Preferred modified dsRNA backbones Include, for example, 
phosphoroihioates, ehira! phosphoroihioates. phosphorodilhioates, phasphotri.est^ 
ammoalkylptosphotricst M& other alky! phosphon&tes including 3> 

alkylenc phosphooates and cMral phosphonates, phosphinMes, phosphorarnidates 
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inckding 3-amirio phosphoramidate and aminoalkylphospfm 

iliiPTiophasphoramsdatcs, thiqnoalkylphospbonates, ihianoalkyipbosphotrie$ters 5 and 
bomnophospbates havmg normal 3^5* linkages, 2^5* li nked analogs of these, and 
those) having inverted polarity wherein the adjacent pairs of nucleoside .units, ate 
linked 3^5 C to: Ski 4 or 2^3* to S^2\ Various salts, mixed salts and tree acid forms are 
also included. 

Representative U,Sv patents that teach, the. preparation of the above 
phosphoras^coutainin.g linkages include, but are not limited to, U.S. Pat. Nos. 
3,687308; 4M9 4,476,3.01 : 5,023,243; 5,1 7? J 95; 5, 1 88,897; 5,264,423; 
5,276,019; 5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939; 5,453,496: 
5,455,233: 5,466,677; 5,476,925; 5,519,126; 5,536,821; 5,541,316; 5,550,111; 
5,563,253; 5,571 .,790; 5,587361 ; and 5,625,050, each of which is heremlBCorporated 
by re feren ce 

Preferred, modified dsRMA backbones that do not melode a phosphorus atom 
therein have backbones that are formed by short chain alkyl or eycloalky] 
mteroacleoslde linfcages, mixed heteroatoms and alky! or eycloalkyi iniemueleoside 
linkages, or ore or more short chain heteroatomic or heteroeyelk intemadeoside 
linkage These include those having morpholmo linkages (formed in part from the 
sugar portion of a nucleoside}; siloxanc backbones; sulfide, sulfoxide and suffone 
backbones; formaeetyl and tliioformaoetyl backbones: methylene f mmacetyl. and 
thioforrnacetyi baekbooes; alkene containing backbones; suifematc backbones; 
methyleneiinino and mcthyleaehydrazi no backbones; sulfonate and sulfonamide 
backbones; amide backbones; and others having mixed N, O, S and CB2 component 
parts. 

Representative U.S. patents that teach the preparation of the above 
oligonucleotides include, but are not limited to, U-S. Pat. Nos, 5,034,5065 5,166,315; 
5 J. §5,444; 5,2 14;! 34; 5*2 16,141; 5,235,033; 5,64,562; 5,264,564; 5,405,938; 
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5,434,257: .5,466,677;. 5,470,967; 5,489,677; ,5,541 307; 5,561, 225; 5,596 f 08b; 
5,02,240; 5,608,046; 5,610,289: 5 ? 61B y 704; 5,623,070; 5,663,3 12; 5,633360; 
5;677 ¥ 437; and, 3,677,439, each of which is herein incorporated, by reiferaieev 

In other preferred dsfiNA mimeties, both fee sugar and the intomsdeoside 
linkage, Urn backbone^ of the nucleotide units are replaced with -lovd groups. The 
base units are maintained for hybridization wltii an appropriate nucleic add target 
compoiiod. One such oligomerfe impound, an ds&NA raimetie thai has been shown 
Ip -have o^cell ent liybridi^atlon properties, is referred to m & peptide: nucleic acid : 
(FN A). In FN A compounds, the sugar backbone of an dsENA Is replaced with an 
amido coMaining backfeoae. in particular a^ aminoethyiglycine backbone. The 
nocleobases are retained and are bound directly or indirectly to aza nitrogen atoms of 
the amide portion of the backbone/ Representative U. S patents tliat teach the 
preparation of PM A compounds in^lade* but are not . limited. to, U S. Pat, Mob. 
5,539,082; 5,714,331; and 5,7! 9,262, each of which is herein incorporated by 
reference* Further teaching of FN A compounds, can. be found in N ielsen et ah, 
S ci once, 1 991 , 254, .1. 497 « 1 500 . 

Most preferred embodiments of the in vention are -dsRNAs with 
pkisphorothioate backbones and oligemic! eosides with heteroatom backbones v and in 
p^roeular ^C:H.sub,2""NH^ 

[known as a methylene (methyliniino) or MM1 haekbonel, — O bsm>.2— 
N(Cffcsub 3)- '"CH;suh .2- ^dllsub,2-H(CH .sub 3 )--N(CH sub, 3 }- CH . si.ib.2- and ~ 
N(CH.s^^^ the native pho^pbddiesier backbone is 

represented as -4>-P-0-CH,suh>2--] of the above-referCBced U.S. Fat Ho, 
3,489,677, and the amide backbones of the above-referenced khS> Pat. No. 5,602,240, 
Also preferred are dsRNAs ha ving morpjiolino backbone structures of the above- 
referenced U.S. Pat. No, 5,034,506. 
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Modified dsRKAs may also contain one or more stibstituted sugar moieties 
Preferred dsRNAs comprise om of the following at the 2 : position: Oil; F; Ch or 
N^alkyl; CK or N~a!kenyk 0~ ? 3~ or N-alkyxiyl; or O-alkyl^O^alkyi, wherein fee 
a&yl afk^yl and alky^yl may be substituted or nmubstituted C;sub/1 to C>subJ0 
alky! or Gmib ,3 io Q.mhdO atay! and alkynyl PaxM are 

{XCH.sub^sub.nONH .sub.2, and Q(CR^ 

b3);] ? sttb.2,. where n mti m are torn I to about 10. Other preferred. dsRN A& comprise 
one of the iblldwkig at the 2' position: C.siik 1 to €,sub. 10 lo wer afkyl substHxited 
lower alkyl alkaryk araIkvi v O-a?kaiyI or O-aralkyL SB, SCH^ob J, OCN, CI Br y 
GK CF.sub.3, OCEsub S€CRsiib,3, SO.sub.2CIlsub.3 ? 
M,s ub 3 5 , NILsub, 2 , heterocyeloalkyl , heteroeycloalkaryi 5 aniinoalkyl&mino, 
polyalkylamino. substituted silyl-, ait RNA deavkg gmup. a reporter group, an 
imereafaior, a. group for improving the pharmaeokioetie pmpenies of an dsRJ$A ? or a 
group for impcmag : the pharmacodynamie . properties of an. dsENA, and other 
sahstituents having similar properties A preferred modiiieation Includes 2'~ 
methoxy^ho^y (2M)^ known m 2*~CH2~ 

methoxyethyl) or 2 -MOB) (Martin ei al, Heiv> Chim. Acta, 1995, 78, 486-504} i.e,, 
an alkoxy-aiicoxy group. A farther preferred modification includes 2- 
dlmeihYimianooxyeihoxy, ie^ & 0(G3:Ls^ 

known as 2 -DM A OH, as described In examples Mereiiibelow, and 2^ 
dimethylaminoetboxyethoxy (alst>. known in the art as 3^0-dlmethylamii>oe&oxyetliyl 
or SVDMAEOE), i.e., 2M>^M.sub,2~0~^ 
described in examples bereinbelow. 

Other preierred modifications include l^methoxy (S^OGl ! .sub J) ? 2 ¥ ~ •■ 
aminopropoxy (2 ! ~OT^ 2Vfluctra (2VF). 

Similar modifications may also be made at other positions on tlie dsRNA, particularly 
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the 3* position of the s ugar on the 3* temimai nucleotide or in 2 -SMkiked dsRNAs and 
the $■ position of 5- terminal nucleotide, DsRNAs mm also have sugar mlmetics such 
m oyelobuty! moieties in place of th^ pentofuraBOsyl sugar. Repmseotative U.S. 
patents that, teach the preparation of such modified sugar struomres include, but are 
not limited to, U.S. Pat. Nos. 4,981 ,957; 5 J 18,800; 5,3 19,080; 5359,044; 5 
5,446,137; SM&JMi 5,5 14,785; 5,5 19,1 34; 5,56X81 1; 5,574427; 5,591 ,722; 
5,597,903; 5 ? 61.030Pj 5^7 ? 053 : ; 5,639,873; 5,646,265; 5,658 ? B73; 5,670,633; and 
5-»7.0C)>SS0i oeri&m of wMeh are comxnoniy owned with iheiMlant ^pplication r and 
each of which is herein uicoipora:ted by reference in its entirety. 

OsRSJAs may also include nuebobase (pil^n' referred to in the art simply as 
"base") modifications or substitutions. As used heroin, "unBiodificxF or Natural* • 
micjeobases include the purine bases adenine (A) and guanine (G), and the f>yrimkiine 
ha&qs thymine (T% eyiosirie (C) and uracil (U), Modified nucbobases include other 
synthetic mid natural nudeobases such m . 5-tnethylc>4o$iiie (S~ms~C), S- 
hydroxyinothv! cylosine, xanthine, hypoxaBthine, 2-aiBmoadenine, 6-meihy! mid other 
aikyl derivatives of adenine and guanine, 2 -propyl ami. other alkyl derivatives of 
aden ine and guanine, 24bi0uraeif 24hiotJwmiie and 2~fchiocytosine, 5-halouracil and 
cylosine s 5~propynyI uracil and eytosine, 6~a£o uracil, eytosine md thymine. 5-uracil 
(psoudoura^I), 4-ihioi5raeiI, S-balo, 8~amioo, S-thiol, 8-thioa!kyl, B-hydroxyl anal 
other 8 -substituted adenines and guanines, 5-halo, particularly 5-bromo, 5- 
triflyoromcihyl and other 5-substituted uracils and eytosincs, 7-moiliylgu^iue and 7- 
methyladenme, B-a^aguanine and 8-azaadenine, 7-dea^aguaniBe and 7-daazaadcnine 
and 3-dea^aguaninc aad 3~de&madenine, Further nucleobases inciude those disclosed 
m U S. Fat. No. 3,687,808, those disclosed in The Concise Encyclopedia Of Polymer 
Science And Engineering, pages 858-859, Kroschwife, L U ed> iohn. Wiley & Sobs, 
1 990, these disclosed by Englisch el aJL ABgewaBdte Chemic, Internationa! Edition, 
199 L 30, 613, and those disclosed by S.mghvi Y S. ? Chapter 15, BsENA Research 
3nd AppmmkmB y ^a^^2m^02, Crooke, S. T\ and Lebleo, B,, Ed. s CRC Press, 1993. 
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Cesmfcx of these nueloobases are particularly useful ibf increasing -the binding affinity 
of tho oHgetneric compounds of the invention. These include 5-sufestita.ted 
pyrinhdines, 6-azapyri.midines and NI-2, K-6 ami 0-6 substituted purines, mclnding2~ 
aminopmpyla^enine, 5-propy¥iylttraeil and 5-propynylcytosine. 5-Tnethyicytorine 
substitutions have been sbmm to increase nocieic acid duplex stability by 0.6- 
1 .2. degree. €. (Sanghvi, Y. S., Crooke, S. T. and Lebieu, B., Eds., DsRNA Research 
and Applications, CRC Press, Boca Raton, 1 993, pp. 276-278) and are presently 
preferred base substitutions, even more particularly when Combined with 2'-0- 
mcihoxyethyl sugar modifications. 

Representati ve U.S> patents that teach the preparation of certain of the above 
noted modified n uclesbases as well as other modified nncleobases include, but are not 
limited *o, the above noted U.S. Pat. ^0. 3 ,687,808, as well as U.S. Pat Nos. 
4345,205; 5,13030; 5,134,066; 5,175,273; 5,367,066; 5,432,272; 5,457,187; 
5,459,255; 5,484,908; 5,502,177; 5,525,73 1; 5,552,540; 5,587,469; 5,594,121, 
5,596,091; 5,614,617; and .5,68 1,941, each of which is heroin incorporated by 
reference, and U.S. Pat. No. 5,750,692, also herein incorporated by reference. 

Another modification of the dsRNAs of the invention involves ciremieally 
linking to the dsRN A one or more moieties or conjugates which enhance the activity, 
eellular distribution or cellular uptake of the dsRN A Such moieties include but are 
not limited to lipid moieties such as a cholesterol moiety (Letsinger et ah, Proe. Natl. 
Acid. Sci. USA, 199, 86, 6553-6556), cholic add (Manoharan ei al, Biorg. Med. 
Chenr. Let., 1994 4 1053-1060), a thioelher, eg., beryl-S-tntylthiol (Manoharan et al. 
Arm, N.Y. Acad. Sci., 1992, 660, 306-309; Manoharan et ah, Biorg. Med. Chem. Let., 
1993, 3, 2765-2770), a lhioebolesieroi (Oberhaoser et a!., Nud. Acids Res., 1992, 20, 
533-538), an aliphatic chain, eg., dodeeandiol or undeeyi residues (Saison-Behoroaras 
et al ., EMB0 J, 1991, 10, 1 1 1 141 1 IK; Kabanov et al., FEES Lett., 1990, 259, 327- 
330; Svmarehnk et ah, Biochimie, 1993, 75, 49-54), a phospholipid, e.g., di~ 
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I>exadecyI-rac-glycerol or ttieihyl-ammimium I,2~di-0-hexadccyiHra^ 
I Iptosphon&ie (MmK>haran el al. A Tetrahedron Lett;, 1995. 36- 3651 -3654; Shea et &L, 
NiieL Acids Res,, 1990, 18. 3777-3783), apolyaniinc or a poly^thyime gtyoo! chaixi 
(Manobaran el a!., Niieleosides & Mucleotides, 1995, 1 4, 969-973)* or Maimmtaiii? 
acetic add (Miaiioharan et aL, Teirahedroo Lett, 1995, 36, 365i-3634X a palmity! 
moiety (Mishra et al, Biocliim. Biophys. Acta, 1995, 1264, 229-237}, or an 
oemdeoylamine or hexy^ moiety (Croolce et at, J, 

PharmacoL Exp. Ik, 1996, 277, 923-937). 

Representative US* patents that teach the preparation of sueli .:dsRNA 
coxipg^iies Include, but are not limited to., US. Pat Nos. 4,828,979; 4,948,882; 
5,218,105; 5,525,465; 5,541313: 5,545,730; 5,532,538; 5378,717, 5,580,731; 
5,5§ 1,584s 5,109,124; 5,118,802; 5,138,045; 5,414,077; 5,486,603; 5,512,439; 
5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 4jl9;737 ■ 
4,824341 • 4,835,263:; 4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,1 12,963; 
5,214,136; 5,082,830; 5,1 12,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506; 
5,262,536; 5,272,250; 5,292,873; 5317,098; 5,371,241, 5,39 1,723; 5,416,203, 
5,45 1 ,463; 5,51 0,475; 5,51 2,667; 5,5 1 4,785; 5,565,552 ; 5,567,81 0;,S,574,142; 
5,585,481; 5,587371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 5,688,941, 
each of which is herein incorporated by reference,. 

It is not necessary for all positions in n given compound to be unifi^rmly 
modified, md m fact more than one of the aforementioned modifications may be. 
incorporated in a single coBTpouncl or even at a single nucleoside within an dsRNA. 
The present invention also includes dsRN A compounds wMeli are cbimeric 
ooxnpoimds, "CMmeric" dsR!^ A compounds or n ehimera%" in die mnimi of this 
invention, are dsRKA compounds, partieuiariy dsRNAs, which contain two or more 
chemically distinct regions, eacf* made up of at least one tnonomer unit, i.e., a 
nucleotide in tile case of an dsRN A compound. These jisKNAs typically contani at 
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least one region wherein the dsRNA is modified so as to confer upon the dsRNA 
increased resistance to nuclease degradation, increased cellular uptake, and/or 
increased binding affinity for the target nucleic acid. An additional region of the 
dsRNA may serve m a substrate for enzymes capable of cleaving RN A:OjnJA or 
RNArRNA hybrids. By way of example, RNase H is a cellular endciiuelease which 
cleaves the EN A strand of an RN ArDN Aduplex, Activation of RNasc H ? therefore, 
refills in cleavage of tfte EN A target, thereby greatly crii^neing the efficiency of 
dsRNA Inhibition of gene express on, CX>n$ecpently s comparable results can often be 
obtained with shorter dsRN As wben chimeric dsRNAs are used, compared to 
phesptorotkioale deoxydsRNAs hybridizing to the same target region. Clea vage of 
the EN A target cap be roiitmely defcecled by gel .electrophoresis and, if necessary, 
associated. n ucleic acid Iiybrfdixation techniques known in the art . 

In certain instanees;the dsRNA may be modified by a non-Iigaiid group, A 
number of non-llgami molecuies have been conjugated to dsRNAs in order to enhance • 
the activity, cellular distrihatiois or cellular uptake of the dsRK A, and procedures for 
perforating such eoiiiiigations arc available in the scientific literature. Si?ch Boivligaiid 
moieties have inefoded lipid moieties, such as cholesterol (LetstBger etaJU Free, Natl. 
Acad. ScL USA, 1989. 86:6553), efedlie add (MaixoharaB et ai :> Bioorg, Med, Cham, 
Lett:., 1994, 4: 1053), a ifiioether, e.g., hexyl-S-trity!thiol (Manoharan et uU Ann. N,Y, 
Acad. Sel 5 1992, 660:306; Manoharaii et at, Bioorg. Med. Cheni. Lei, 1993, 3:2765), 
a ihiocholesletal (Oberhairser et al,, Nuei Acids Res., 1992, 20:5331 an aliphatic 
chain, e.g., dodecandlol or t&Kieey! residues (Saison-Behmaara^ et aL, EMBC) J,., 
199L 10:1 1 1; Kabahov et aL, FEB 5 Lett., 1990, 259:327: Sviriarehuk et a!., 
Bioehinm 1993, 75:49), a phospholipid, e g, di-hexadeeyi^^ or 
idethylammexiimTi 1 ,2-dx~04iexad^ 

aL Tetrahedron Lett,, 1995, 36:3651; Shea et aL, Nucl. Adds Res. s 1990, 1 8:3777), a 
polyamine ox a pelyethyleae glyeol chain (MaBoiiarari et aL,. Nucleosides & 
Nucleotides, 1995, 14:969), or adsmantaae acetic acid (Manoharaii et aL* Tetrahedron 
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Lett,, 1995, 36:365 I X a palmiWi moiety (Mishra ei at* Bio^iin, Biophys.. Acta, 1995, 
1264:229), or an oct&deeyimBine • or 'hexykmino^ moiety 
(Oropke ei &l r I Pharmacoi Exp, Then, 1996 v 277:923). Representative United States 
patents that teaeh the preparati on of such dsRNA eosyug&tes have been listed above. 
Typical ccHijugaiion protocols involve the synthesis of dsRN As hearing an 
aminolmker nt one or more positions of the sequence, The amino group is then reacted 
with the molecule being corrugated using appropriate coupling or netiv&ting reagents* 
The cory ugation reaction, may be performed either with the dsRNA still bound to the 
solid support or - following el e^vage of the dsRNA in solution phase, Purification o f 
the dsRNA conjugate by H PLC typically afibrdB the pure conjugate* 

Vector encoded RNAi agents 

The dsRNA of the Invention eaBnfee be expressed .from recombinant viral, 
vectors iniraceHiiiarl y in vi vo. The recombinan t viral vectors of the in vention 
comprise sequences encoding the dsRMA of the invention and any .suitable promoter 
for expressing the dsRNA sequences. Suitable promoters indude, for example, the U6 
or HI RMA pol lit promoter sequences and the cytomegalovirus promoter. Selection 
of other sihi&ble promoters is within the skill in the art. The recombinaBt viral vectors 
of the invention can also comprise inducible or regaktable promoters tor expression 
of the dsRNA in a particular tissue or in a particular intracellular enviKmmmt The 
use of recombinant viral vectors to deliver tlsRNA of the invention to cells in vi vo is 
discussed in snore detail bel o w , 

tlsRNA of the invention e^n he expressed from a recombinant viral vector 
either as two separate, complementary RN A molecoles, or as a single RN A niafecuk 
with two complementary regions. 

Any viral vector capable of accepting the coding sequences for the dsRNA 
moiecuMs) to be expressed can be nsed/for example vectors derived from adenovirus 
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(AY); ader^-associ&ted virus (AAV); retro viruses (e,g ? imtiviruses (LV)> 
Rhabdovimses, sitarme leukemia vims); herpes virus, and the like. The tropism of 
vir&I vectors can be modi/fied by pseudotvpmg tha vectors with en velopc proteins or 
other surface antigens, from other viruses, or by subgiitating different viral capsid 
proteins- as appropriate, 

For example, leniiviral vectors of fee invention can hepseodotyped with 
sutfeee proteins from vesicular stomatitis virus (VSY), rabies, Ebola, Mofcola, and the 
like. AA V vectors of the inventioiv can be made to target different cdls by engin.eeri.ng 
the vectors to express dilfeent capsid protein serotypes. For example, an AAV vector 
expressing a seroiype 2 capsid cm a serotype 2 genome is calfed AAV 2/2, This 
serotype 2 e&pdd gene in the AAV 2/2 vector can repbeed by a serotype 5 eapski 
gene to produ.ee an. AAV 2/5 vector, Teehmques for constructing AAV vectors which 
express different eapsid protein serotypes are within the skill in. the art; see, e.g., 
R abkowitz. J E et ah (2002), J Virol 76:79 ! -801 s the entire disclosure of whieb is 
hercs n i neorporated by reference . 

Selection of recombin^iit viral vectors suitable for use in the invention, 
methods for inserting luideie acid sequences for expressing the dsRNA Into the 
vector, and methods of delivering the viral vector to the cells of interest are within the 
skill in the art See. for example, Domhurg R (1995), Oene Therap. 2: 301-310; 
Eglhis M A (1988), Bioteehniqoes 6: 608-614; MMIer A D (1990), Hum Gene Therap. 
I: 5- 14; Anderson W F 0998), Nature 392: 25-30; and Robinson D A et &L Nat 
Genet, 33: 401-406, the entire discbsures of which are herein incorporated by 
reference. 

Preferred viral vectors are those derived from AV and AA V, In a particularly 
preferred eiiibodimco t, the dsENA of the kvention /is expressed as two separate, 
complementary ^ingie-$tr£mdt?d RN.A Bioleeulcs from a recombinant AAV vector 
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comprising* for exsuBpIe, feither the U6 or HI RNA promoters, or the oytoaiegatoviri^ 
(CM'V) promoter. 

A suitable AV vector for expressing the dsRHA of the imm^tion y ^i^md &yr 
emx$tmciing the recombinant A V vector, and a method for deli vering the vector into 
target ceils, arc described Km H etah (2002), Nat Biotech. 20: 1 006*1 01 0. 

Suitable AAV vectors for expressing the dsRN A of the mveiilio?^ methods for 
constructing the recombinant; AV vector, md methods for delivering tlm vectors into 
target cells are described in Saniolski R et al (1.9S7), ;L Virol, 6! : 3096-3 1 01 ; Fisher 
Ki et al. (!996) s I. Virol, 70: 520-532; Samuiski R et al (1989}, J. Virol 63: 3822- 
3826; U.S. Fat No. 5,252,479; U;S. Pat. No. 5,139,94! ; Merttaiionaf Patent 
Application No, WO 94/I37S8; Bad International '.Patent Application No, WO 
93/24641 P the entire disclosure^ of which are herein incqrpomted by refeeiice, 

III Pharm aceutioal compo s iti on s coinpri sjn^ <feRN A 

In one embodiment the inveuttoii provides pharniaeeutical compositions 
comprising adsRNA, as described herein, and a pharmaceuticaliy acceptable carrier. 
The phannaceatiea! composition comprising the dsRNA is useful for treating a 
disease or disorder associated with the expression, or activity of tho Eg5. gene, such as 
pathological processes mediated by EgS expression. Such pharmaceatieal 
expositions .are formulated based on the mode of delivery. One example is 
compositions feat are fonmiiated for systemxe administration via parenteral delivery. 

hi another embodiment, such compositions will further comprise & second 
dsRNA that inhibiis VEGF expression, dsRNA directed to V EOF are described in the 
Examples and in eo-pendmg US Serial Nos; 1 1/078,073 arid 11/340,080, 

The pharmaeotmcai eompositions of the invention are administered in dosages 
sufficient to irifaibit expression of the Eg5 gene (and VEGF expression when a second 
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&S&NA is included). In gmeraL a suitaWe dose of dsRNA will be in the range of 0M 
to 5,0 mill igrams per kilogram body weight of the recipient per day, generally is the 
range of ! microgram to 1 nig per kilogram body weight per day > The pharmaceutical 
composition may be adminisiered oiice Mly or th e dsRNA mm be administered as 
two, three, or more sab-doses at appropriate intervals tliroxighout the day or even, 
usmg. continuous infusion: or delivery through a controlled release fonrrulati on. In that 
case, the dsRNA contained in each mib-dose mmt be correspondingly sn*dier in order 
to achieve the total daily- dosage. The dosage unit can. aba be compounded for 
delivery over several days, e,g, y using a conventional sustained release formulation 
which pro vides sustained release of the dsRNA over a several day period. Sustained 
release formidations are well known in the art and arc particularly useful tor deli very 
of agents ata particular site, such as could be used with the agents of the present 
i nventiom in this emhodixnem, the dosage unit contains a corresponding, m ultipie of 
the daily dose. 

The skilled artisan will appreciate that certain factors may influence the dosage 
and timing required to effectively treat a subject, including but not limited to the 
severity of the disease or disorder, previous treatments, the general health andMr age 
of the subject, and other diseases present. Moreover, treatment of a subject with a 
therapenticahy efxectivc amount of a composition can include a single treatment or a 
series of treatments, Bsti mates of effective dosages and in vivo half-lives for the 
individual dsRNAs encompassed by the invention can be made using conventional 
methodologies or on the basis of in vivo testing using an appropri ate animal model as 
described elsewhere, herein. 

Advances in mouse genetics have generated a number of mouse models for the 
study of various linman diseases, such as pathological processes mediated by BgS 
expression. Such models are used for in vivo testing of dsENA, as well as for 
determining a therapeutically effective dose. 
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The present invention also includes phaimaeeiitieal compositions and 
fonnul&tions which include the dsRNA compounds of the invention.- The 
p harmaceu tical compositions of the present mvcntion may be administered in a 
number of ways depending upon whether l ocal or systemic treatment is desired and 
upon the area to be treated. Adiiimistration may fee topical, pulnicmerj^ e,g. s by 
inhalation or insiiffl&lion of powders or .ae^ofe, indudmg by nebulizer; intratra&he&t 
intranasal epidermal and transdermal), orat or parenteral Parenteral adinimstration 
includes intravenous, Intraarterial subeiitaneous^ intraperitoneal or intramuscular 
injection or iofosion; or Intracranial, e.g , intrathecal or intraventricular, 
administratiorL 

Pkamiaeeuticai compositions and fommlations for topical adrnimstration may 
include transdemial patches, ointments, lotions, creams, gels, drops, suppositories, 
sprays* liquids and powders. Conventional pbarmaceuiicai earner^ acfueons, powder 
or oily bases, thickeners and the like may be necessary or desirable. Coated condoms,, 
gloves and the like may also be use&t Preferred topical formulations include those in 
which the dsRNAs of the invention are in admixture with a topical delivery agent such 
as lipids liposomes v fetiy adds, fatty acid esters, steroids, chelating agents and 
suff&eiaftis: Preferred lipids and liposomes include neutral (e,g, dioleoyiphosphatidy! 
POPE elhanolamine, dimwistoylphosphaddy! choline DMPC, distearotyphosphatidyl 
choline) negative (e g, dimyrist6ylph6:sphatidyl glycerol DMPG) and cationic (e ; g, 
dtoleoyfteta^ PDTAP and dioieoylphosphatidyl eihanolamine 

DOTMA), DsRNAs df the invention may he encapsulated within liposomes or may 
fomi completes tliereto, in particular to eahonic liposomes. AUernadveiy, dsRNAs 
may be completed fo lipids, in particular to eatiome lipids. Preferred fatty acids wi& 
esters include hut are not limited aracMdonic acid, oleic acid, eicosanoic acid, I auric 
acid, caprylie acid, capric acid, mynslic acid, palmitic acid, stearic acid, linoidc acid, 
linoleme acid, dicapraie, trieaprate, monooidn, dilaurin, glyceryl l^nouoeapmte, I- 
dodecy!azacycIoheptan-2-one, an acylcarnitine, an acylehoiine, or a Cmo dlkyl ester 
(e.g> isopropylmyristaie IPM), monogiyeeride, digiyceride or pharm^centically 
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acceptable salt thereof. Topical fommlaiions are described in detail 1b U.S. patent 
application Sen Mo, 09/315,298 filed on May 20, 1999 which is imarpom&d herdn 
by r^mmm m its entirety. 

Compositions and formulations for era! administration include powders or 
granules, mici'0|>arti eulates, " naBOpailfeuimie^ suspensions or solutions in water or 
non-aqueous media, capsules, gel capsules, sachets, tablets or minlt ablets. Thickeners, 
flavoring agents, difoerrts, .emuMfers, dispersing aids or binders may he desirable. 
Preferred oral fonxitilaiions are those in which dfeKJSf As of the' invention are 
administered in ecnjanctmn with one or more penefjadmi enhancers surfeetants and 
chelators. Preferred surfaetants Include fatty acids and/or esters or salts tfeereoil bile 
acids and/or salts thereof Preferred bile adds/salts include dienodeoxycholie add 
(CDCA) and nr sodeox yeheriodeoxyeholic add (UDCA), eholie acid, dehydmdiolle 
acid, .deoxychoiic acid, glueholie acid, glycholic acid, glycodm^yeholic add, 
taujocholic acid, ta&rodeoxychoMe acid, sodium ta:uro-24.2S-d : ^ 
sodium giycodihydi-pfusidate, Preferred fatty acids, include araehidonic acid, 
and ec&noic acid, oleic acid, I auric actd. caprylic acid, caprie acid, myrisdc acid, 
palmitic acid, stearic acid, Hnoleic acid, linolenic acid, dicaprate, tricapraie, 
mcmoiviem, dMaium* glyceryl hrnonoeaprate, I-dodecyI.a^acy:ekte 
acylcamiiine, an acyleoolme, or a monoglyccride, a diglycende or a pbarmaceatically 
acceptable salt thereof (e.g. sodium). Also prefered arc combinations of penetration 
enhancers, ferexampie, fatly adds/salts in eonihi nation with bile adds/^aiis, A 
particularly prefexed combination is the sodium salt of lauric acid, capric acid and 
UPC A. Farther penetration enhancers include polyQxyetiiyiene-9-laury! ether, 
polyoxy^tliyleiie-20-ee.tyi. etbeiv DsRKAs of the invention may be delivered orally,, in 
grarmlar form ineludiiig sprayed dried particles, or eoniplexed to form micro or 
nanoparticlcs. DsS-NA compiexxng agents include pofy-anrino acids; polymiines; 
poiyaeryiates; polya!ky!acrylates, polyoxetiianes, polyalkykyanoaerytate^; cationixed 
gelatins, albumins, searches, acrylates, poiyethyleneglycob (PEG) and searches; 
pi>lyaIkylcyanoaerylates; DEAE-derivatized polyimines, pollulans, celluloses and 
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statutes. Particuiarfy preforred cotnplexmg agents include ckitosan. 
trlmetliykhitosan. poly-L^ysin^ polyfaistidm^ poiyoniithme, polyspemiifte.% 
protamine... polyy in ylpyridine, polythiodk&ylamm^ P(TDAB), 
poiyamlnii^yTeiie (e.g. p~anxinol poly(metli¥lcyaiioaqiylam), 
poiyfethylcyanoacrylate), poly(biityicy^noacryfate} ? pol^isohntyl^ 
poSy(isohexyS.cynaoacryla DBAEHrnethaeryiate> DBAE~he&yiaery!ale, DB&E- 
acrylainide, DE AE-albdmin and DBAE-dextnm, poiyxncihylacrylale, 
polytexyiacrylam, poly(DX-laetio acid), poly(DL4actiC"Co-giycoiic acid (PLGA), 
alginate, and polyelKyteeglyeol (PEG). Oral fom*aIatio*is for dsRNAs and their 
preparation are described in detail in XJ*S. application, Sear. No, 08/886329 (filed jut 
L 19971 Ser. No. 09/108,673 (filed Jul I, 1998), Ser; No. 09/256,5 1 5 (filed Feb. 23, 
1999), Ser. No. 09/082,624 (filed May 21, 1998) and Ser. Mo. 09/315,298 (filed May 
20, 1999), each of which is incorporated herein by f efei k ence in their enti;roty;. 

Compositions mid foraruiatiom for parenteral intrathecal, iotraventricidar or 
mtraliepatic administration may. include stedfe-aqueo&s '. solutions which may aim 
cmxWm biiifers, diluents and other suiiaHe additives such as, bat not limited to, 
penetration enhancers, carrier compounds and other pbai'maceaticaliy acceptable 
carriers at cxeipkBts. 

Fliarmaceutica! compositions . of %e present invention include,, but are not 
limited to, solutions, emulsions, and liposome-ocmtammg fa These 
compositions may be generated from a variety of eoinponenfe that Include, but are not 
limited to, preformed liquids, sd^enmbii^ sdf^eirrukifying semisolids, 

Particularly perfcred are formulations that target the liver when treating hepatic 
disorders such m hepatic carcinoma. 

The phannaoeatical tbniiuktioBS of the : presmtdiWCT[tioti 3 . which may 
eoEvcniently foe presented in unit dosage form, may be prepared according to 
coiwentkmal techniques weltknown in the pharmaceutical indnstry. Such techniqn^^ 
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include the step of bringing into associ ation the active ingredients with .the 
phannaceutiea! camerCsj or ex€ipient(s). in general the formuiatioiis are prepared by 
uftiforinly a&d intimately bringing into association the. active ingredients with .liquid, 
carriers or finely divided mlM earners or both, and then* if necessary, shaping the 
product. 

The compositions of the present invention may' be fonmtlated into any of many 
possible dosage forms such as, but not limited to, tablets, capsules, gel caps ules, 
liquid syrups, soft gels, $u$$K>&tGne$,. and edemas. The compositions of the present 
invention ixmy also be fomyalated m mspm&pm m,aque<m$, iioi>aqueoqB or mixed 
media. Aqueous suspensions may further contain substances which increase the 
viscosi ty of the suspension including, for example, sosfium caTbax>^ethyIpdiuk>st% 
gorbito! and/or dexltan. The suspension may also contain, stabilisers, 

Emuklons 

The compositions of the present invention may be prepared and formulated as 
enmkionsv Em uIsioBS are typically heterogcnoiis systems of one liquid dispersed in 
another in the fen of droplets usually exceeding 0.1 .nftun m diameter pdson, in 
Phaimaceutieal Dosage Forms, Lieherman, Rieger and Banker (Eds.), 1988, Marco!. 
Dc&ker, fee. New York, NX, volume L p. 199; Rosoft in Pharmaceutical Dosage 
Forms, Liebentian, Rieger md Banker (Eds,), 1988, Marcel Dekfcet, New York, 
NX., Volume l s p, 245; Block m Fharamceuiicaf Dosage Forms, lieberrnati, Rieger 
and Banker (Eds.), 1988, Marcel Dekker/toe,, New York, NX, volume 2 , %x. 335; 
l ligucbt et &L, hi Remington's Phanna^eiitical Sciences, Mack -.Publishing Co.< Bastoa 
IHl, 1985,-p- 30 5 ), Emulsions are often biphasic systems comprising two mlmisdblc 
liquid phases intimately mixed and dispersed with each otlierJn general, cmnlsions 
maybe of either the vvalewnroil (w/o) or die oil-in- water (ofw) variety. When an 
aqueous phase is finely divided into md dispersed as minute droplets Mo a bulk oily 
phase, the rosuf ling composition is called a water~m~oiI (w/o) emulsion. Alternatively, 
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whoa an oily phase m finely divided into and dispersed as minute droplets into a .balk 
aqueous phase, the resulting composition is called an oil-in- water (o/w) emulsion . 
Bm;d&i.on$ may contain additional components in addition to the dispersed phases, and 
the active drug whiob may be present as a solution in either the aqueous phase, oily 
phase or itself m ii separate phase. Pharmaceutical excipients such m mmhifipr^ 
slabili^e^ dyes, and antioxidants may also he present m emulsions as needed* 
Pharmaceutical em ulsions may also he multi ple emulsions tha t are comprised of more 
than two phases such as, for example, in the case of utlriiirwat^ia^3!.X^WQi) imd 
wateivm-o£l-in- water (wWw) emulsions. Such complex ibminlations often provide 
certain advantages that simple binary emulsions do 'flat. M ultiple csmilsiofls in which 
individual oil droplets of an o/w emulsion enclose small w ater droplets constitute a 
w/o/w emulsion. Likewise a system of oil droplets enclosed in globules of water 
stabilized m m oily continuous phase provides m\ o/w/o eimibioh. 

Emulsions are eharaetemed by little or no thennodynamic stability, Often, the 
dispersed or discontinuous phase of the emulsion is wed dispersed into the external or 
continuous phase aiKl maintained hi this form through the means of emulsifiers or the 
viscosity of the formulation,. Either of the phases of the emulsion may be a semisolid 
or a solid, as is the case of eirmtsion-styie ointrnerd bases and creams, ..Other means of 
stabiifeing emulsions entail the use of emolsifes that may be incorporated into either 
phase of the emulsion. Emuisi tiers may broadly be classified into ftmr categoric: 
synthetic surfectaHts, naturally occurring emtdsifes, absorption bases, anel finely 
dispersed solids (Idson, in Pharmaceutical Dosage FormB v iieheimaB, Rieger mid 
Baxter (Eds,), 1988, Marcel Dekte\ hie. y New York, N X, volume 1 5 p* 199), 

Synthetic surfectants, also known as surface active agents, have -found wide 
applicability m the formulation of emulsions and have been reviewed in the literature 
(Rieger, k PhanBac€u&a! Dosage Forms, Lieberman, Rieger and Banker (Eds,), 
1988, Marco! Defcfcer, Inc., New York, volume 1, p, 285; Idsdn, in 
V'kmmcmtkd Dosage forms, yeberman, Rieger and Banker (Eds.), Marse! Dckkor, 
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tea, New York* N.Y., 1988, volume I , p. 199), Surfectanis are typicaliy-^phipluUc 
and comprise a hydrophilk and a hydrophobic portion. The ratio of the hydrop'MJie to 
the hydrophobic nature of the surfactant has been termed the hydropliOe/tipophil e 
balance (H LBj and is a valuable tool In categorizing and selecting surfactaiits. in. the 
\yvm&mkm of foBtmlations, Siiriacjahts may be dassined into different classes based 
on the nature of the bydrophilic group: lionicMic, anionic, eationxe and amphoteric 
(Rieger, in Pharmaceutical Dosage Forms, Lie|>emian, Eieger and Banker (Eds.), 
1 988, Marcel Dekker, Inc., New York^ N.Y., volume L p. 285). 

Naturally occurring emulsifies used in enmlsion formulatioos include lanolin, 
beeswax, phosphatides, lecithin and acacia. Absorption bases possess hydropltilie 
properties such that they can soak up water to form w/o emulsions yet retain their 
semisolid consiMencies, such as anhydrous lanolin and hydrophilic petrolatum. Fmely 
divided solids have also been used as good emulssifiers especially in combination with 
surfactants mid in viseous preparations,. These include polar inorganic solids, such as 
heavy metal hydroxides, nonswellmg clays such m hentoirite, atiapulgiie, hectorite, 
kaolin, montmori llonite, colloi dal aluminum silicate and colloidal magnesium 
aluminum silicate, pigments and nonpolar solids such as carbon or glyceryl triste^ate. 

A large variety <jf non-ernukifying material are also included in emulsion 
fomiulations and eontrihute to the properties of emulsions. These include Ms, oils,- 
waxes, fetty acids, fatty alcohols, fatty esters, humeetants, hydropMlic colloids, 
preservatives, and antioxidants (Block, in Pharmaceutical Dosage Forms, LI ebermmi, 
Rieger and Banker (Eds,), 1988 r Marcel Dekker, Inc,, Mew York, NX, voiuine Up< 
335; £dson, in Pbarmaceutical Dosage Forms, tieberrnan, Ricger and Banka^ (Eds.), 
1988, Marcei Dekker, Inc., New York, N,Y, y volume I, p, 199). 

Hydropbiiie colloids or hydroeol folds inelude naturally occurring gums and 
synthetic polymers such as polysaccharid es (for example, acacia, agar, alginic acid, 
carrageenan, guar gum , karaya gum, and tr&gacandi), cdhite&e derivatives (for 
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example, e&rik>x^ ami carboxypropYlcdialose), and synthetic 

do iymers (for example, oarbom er$ , cellulose ethers, m& carhosyviny 1 polymers) , 
These disperse or swell In water to form colloidal solutions that stabilize emulsions by 
forming strong imertkciai films around the di sperned-phase droplets and by Increasing 
the viscosity of the external phase. 

Since emulsions often conlain a number of iiigredieMs such as carbohydrates, 
proteins, sterols, and phosphatide that may readil y support t he gro wth of micro bes, 
these fdrmulaiions often incorporate preservative. Commonly used presi^vatiws: 
included in emulsion fominlations include methyl paraben, propyl paraben, quaternary 
amBionium salts, henzalkonium chloride, esters of p-h^roxyhen^oic acid, and boric 
acid. Antioxidants are also commonly added to emulsion fi)rtxiuiations to prevent 
deieri oration of the formulation* Antioxidants used may be free radical scavengers 
such;as tocopherols, alkyl gallates., butylated hydrosyanisola butylated 
hydroxyioliiene^ or reducing agents such as ascorbic acid and sodmm metaMsuiftte. 
mid. antioxidant synergists such as citric add^ tartaric acid. and lecitilin. 

The application of emuMon fbrmulations via derrjiatoiogioai,. oral and 
parenteral routes and methods for their manufacture have been reviewed in the 
iiterature (IdserL in Pharmaceutical Dosage Forms, lieberrnan, Rieger and Banker 
(Ids.), 19m, Marcel Dekken Inc., New York, NW., volume 1, p, 199). Emulsion 
fbonaktions. for oral delivery have been very widely used because of ease of 
formulation, as well as- efficacy from an absorption and bioavailability standpoint 
(Rosoff, in Phamiaeeutica! Dosage Fonns, lieberman, Rieger and Banker (Eds,), 
\9M, Marcel Dicker, inc., New York, RY,, volume h p 245; Mson, in 
FhanBaeeutieal Dosage Forms, Lieberman, Rieger and Banker (Eds.} ? 1988, Marcel 
Oekfcer, Inc., New York, RY M volume 1, p. 199), Mineral-oil base laxatives, oil- 
soluble vitamins and high &i nutriti ve preparations are mnong tbe materials that have 
commonly been administered orally as o/w emulsions. 
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■fa one embodiment of the present invention, the compositions o f dsRNAs mid 
nucleic acids amfonmd&ted as mi^oem^lsions, A MicroemulsioxVniay b£ defined as a 
system of water, oil and amphiphile which is a siiigle optically isotropic ai^d 
thennodynaBiicaliy stable liquid solution (Rosofl in. Pharmaceutical Dosage .Forms, 
Lkberman. Rieger and Banker (Eds 1988, . Marcel Dekte, Mc, New York, N;Y, 5 
volume L p. 245). Typically niicroeiBubiom are systems that prepared by first 
dispersing mi oil in en a^eoixs surfactant solution and then adding a sufficient amount 
of a fourth component^ generally ail intermediate chain-length alcohol to form a 
transparent System, Therefore, microeimMion.s have, also been described as 
thcnnodynamicaliy stable, isotropically clear dispersions of two immiscible liquids 
that are stabilized! by intertaeia! films of surface-acti ve molecules (Leung and Sliah, 
in: Controlled Release of Drugs: Polymers and Aggregate Systems, KosolX. M. s Ed, 
1 989, VCH Publishers, New York, pages 185-215), Mieroemnlsions commonly are 
prepared via a oonibinaiion of three to' five -oom]^nmts that include oil water, 
sartactaat, cosarfketant and electrolyte, Whoiher the microeniulBK)^ m of the water-m- 
ail (w/d) or mioiI4i>water (o/w) type is dependent m the properties of the oil and 
surfactaai used and on the structure and geometric packing of the polar heads and 
hydrocarbon tails of tile surfaciaiit moi.eeuI.es (Sehott, in Remiiigtorfs Phannaeeatieal 
Sciences, Mack Publishing Co„ Easton, Pa,, 1985, j>, 271 }> 

TlKt pbotK>ineBo!ogicaI approach ub Sizing phase diagrams has been extensively 
studied and has yielded a comprehensive knowledge, to one skilled in the art, of how 
to formulate mk^oai^alsiOBS- (Rosoff, in Phannaceutieaf Dosage Forms, Ueberma^, 
Rieger and Banker (Ms,), ! 988, Marcel Dekker, Inc., New York, N.Y., volume i, p, 
245: Block in Fharniaceutica] Dosage Forms, Dehmii&n, Rieger and Backer (Eds,), 
1988, Marcel Dekker, inc.. New York, ,N,Y< ? volume L p. 335), Compared to 
conventional emulsions, rmcroemuisions offer the advantage of soiuhilking water- 
insoluble drugs In aibrmuiatioB of themiodynaTnieally stable droplets that are formed 
spontaneously. 
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Surfactants used in the pr^paf atioB of microemiiisions iitchi.de> but are not 
iindted to, jo^iic.Sirfactant^j non-ionic surlaettmts* Brij 9& r potyoxyethylene oleyl 
etliers, poiyglvcerol felly acid esters, tetraglyeerol monolaurate (ML3 i 0), tetraglyeerol 
monooleaie (M03 10), hexaglyoerol '.monooleate (PO3I0), hex&glyeerol pentaokaie 
(PC^OC)), clecaglycerol moBOO#rale (MCA750), decaglycerol monooleate (MO730), 
dceaglyeerol $equiokate (SO7S0), decaglyeerol deoaokate (DAO7S0), ulom m m 
combi^atipn with eosurfaet&nts. The eosurfeotant usually a short-ehain alcohol such 
as ethanot i~propanoh and 1-butauo^ serves to increase the inierfecial fluidity by 
penetrating into the sqriaetant film and consequently creating a disordered film 
because of the void space generated among surfeetM t rnoleoulas. Mieroem iilsions 
may; however, be prepared without the use of eosurfeetants aad alcolK>bfr&e self- 
enmlsifying microemulsioH systems are taown in the art, The aqueous phase may 
typi cally be, but Is not . limited tiy water, an aqueous solution of the drug, glycerol, 
PEGMXX :PBO400 > polyglyc^is, propylene glycols, and derivatives of ethylene 
glycol The oil phase may inckide v but is pot limited to, materiate soeb as Gapiex 3C)0, 
Captex 355, C&pmA MCM, tatty acid esters, medium chain (€&-Ci2) mono, di, and 
tri-glyeerides, poiyoxyeihylated^g^ Mid esters, fatty alcohols, 

polyglyeolized glycerides, satiated poiyglyeoii^ed C8~C1 0 glyeerides, vegetable oils 
and silicone oiL 

Mieroamilto from the standpoint of drug 

soIuMlizaticm and the enhanced absorption of drugs. lipid based miememulslons 
(both o/w and w/o) have been proposed to enhance the oral bioavailability of drags, 
ineJuding peptides (CoBSta^tinides et al, Pharmaceutical Research, 1994, 11, 1385- 
1390; KitseheL MeiE Find. Exp. Clin. Pharmacol, 199% 13, 205). Mieroemuistons 
affi>rd adyaniages of improved drug solubilization, protection of dmg ftanve$izymatie 
hydrolysis, possible enhancement of drug absorption due to surfeetant dndiieed 
alterations in membrane fluidity and penneaMIity, ease of preparation, ease of oral 
administration over solid dosage forms, improved cUnieal potency, and decreased 
toxicity (Constantinldes etaL, Pfaaniiaecutieal Research, 1994, !!, 1385; Ho et ah, J v 
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PMna Set- 1996, 8S ? 138- 143), Often microemuisIOBs may form spontaneously 
when , their components arc brought together at ambient tmiperature. This m ay be 
paraeul&riy advantageoi^ wheii fonBulating themiolabile clrugs^ peptides or dsRNAs. 
Microemnlsions have also been effecti ve in the transdermal, delivery of active 
mnponeMs in both cosmetic and pharmaceutical application It is expected thai the 
fnicroemulsioii compositions and foramlations of the present invention, .wil! facilitate 
the increased systemic absorption of dsRN As and nucleic acids from the 
gastrointestinal tract as well as improve the iocai cellular uptake of dsRN As and 
nucleic acids. 

Microeomtsloxis of the present -invention may also contain additional 
components mi. additives such as. sorbitan monostearate (Gull 3), Labrasol, and 
penetration enhancers to improve die properties of the fhrmu! ation and to enhance the 
absorption of the dsRNAs and nnoieio acids of the present invention. Penetration 
enhancers, used in the miemcmalsiens of the present invention may be classified as 
heiamdiig to one of five broad categories— surfactants, -fatty acids, bile salts, chelating 
agents, and non~chetaling oon-sorfketants (Lee ct aL ? Critical Reviews in Therapeutic 
Drug Carrier Systems, 199 K p. 92) Each of these classes has fen discussed above 

liposomes 

There are many organized surfactant structures besides microeninlsions that 
have been studied and used for the fbnnulaiion of drugs. These irsdnde monolayers, 
micelles, hilayers and vesicles, Vesieies, snch as liposomes, have attracted graat 
interest because of feeir specificity and the duration of action they offer imm the 
standpoint of drug delivery, As used in the present invention, the term --liposome" 
means a vesicle composed of anpbipMlic lipids arranged in a spherical bilayer or 
bi layers, 

l iposomes are amlamellar or multilanidlar vesicles which, have a membrane 
-formed from a lipophilic material, and an aqueous interior:. The aqoeous portion 
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contains the composition to be delivered Cationic liposomes possess the advantage of 
being able io fuse- to the cell wall, Non-eationic liposomes, although hot able to fasts 
as efficiently with the cell wail, are taken up by macrophages in vivo. 

I21 order to cross intact maxm&alian skin* lipid vesicles must pass thro ugh a 
series of fine pores, each with a diameter less than 50 nm ? under the infiuence of a 
suitable transdermal gradient Therefore, it is desirable to use a liposome which is 
highly delbnnabk and able to pass through mch fee pores. 

Further advantages of liposomes include; liposomes obtained from natural 
phospholipids, are biocompatible and biodegradable; liposomes can incorporate a wide 
range of water and lipid soluble drugs: liposomes ean protect encapsulated drugs in. 
their internal compartments from nietabo Jisni and de^adatioB ,(Rosof£ in 
Pharmaceutical Dosage Forms, Liebdiinan r Rieger and Banker (Eds,)> 1M8< Marcel 
Dekker, Inc., New York, N X* vohime 1 s ..p. 245% Important consideration in the 
preparation of liposome formulations are the l ipid surface charge, vesicle size and the 
aqueo us volume of the liposomes , 

liposomes are usethl for the transfer and delivery of active ingredients to the 
silo of action, Because the liposomal membrane is strueturaily similar to biological 
membranes, when liposomes are -applied to a tissue,, the liposomes start to merge with 
th e cellular membranes and as the merging of the liposome and ceil progresses, the 
liposomal contents are omptied into the cell where the active agent may act. 

Liposoma* fennidations havo been the focus of extensive investigation as the 
mode of delivery for many drugs. Them is growing evidence that for topical 
administration; liposomes present several ad vantages o ver other formulations, Sueli 
advantages include reduced side-effeets related to high systemic absorption of the 
admiMstered drug, increased accumulation of the admini stered drug at the desired 
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target, and the. abi lity to administer a wide vari ety o f drugs, bat h hydmphific mi& 
hydrophobic, into the skm. 

Several reports haw detailed the ability of liposomes to deliver agents 
including high-moleciilar weight ON A mto itoiVskin. Campounds including 
analgesics, antibodies, hormones and high-molecular weight DMAs have been 
admini stered to the skin. T he majority of appIteatio?is ins ulted in the targeting of the 
upper epidermis 

Liposomes fell Into two broad classes. Caiiome liposomes are positively 
charged liposomes which interact with the negatively charged DNA molecules to form 
a siahle eomplex. The positively charged E>N A/Iiposome complex binds to the 
negatively charged cell surtaee and is intern ah zed in an eftdosoBie> Due to the acidic 
pH within the exKlbsdnie* the liposomes are mptiaed, releasing their contents into the 
edl cytoplasm (Wang et al 5 Bloehem, Biophys. Res, Comiimn. 1987; 147, 980-985). 

Liposomes which are pH -sensitive or negatively-charged, entrap DMA rather 
than complex with it Since both the DN A and the lipid are similarly charged., 
repulsion rather than complex formation occurs. Nevertheless v some DNA is 
entrapped within the aqueous interior of these liposomes. pH-sensitive liposomealiave 
been used to deliver DHA encoding the thymidine kinase gene to cell monolayers in 
culture. Expression of the exogenous gex^e wag detected in the target cells (Zhou et aL, 
Journal of Ckmtjrolied Release, i 992 , 1 9, 2 69-274), 

One major type of liposomal eomposition includes phospholipids other than 
naturally-derivedphosphatidyieholine. Neutral liposome compositions, for example, 
can he formed from diinyristoyf ph^^ dipalrmtoy] 
phoHphatidyleholirie (DPPC),. Anionic liposome compositions generally are formed 
•from dimwistoyS phosphatidylglyeerol, while anionie fosogenic hposom are formed 
primarily fern dioleoyl phosphatidylethanolamlne (DOPE). Another type of 
liposomal composition k taed fern phosphatyykholme (PC) sucfe as, &r example, 
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soybean PG/and egg PC. Another type is formed tram ntixiaras of phospholipid 
ami/or plmsphatidyldioliiie and/or ehoIesi&roL 

Severn! studies have assessed the topical delivery of liposomal drug 
formutatiom to the skim Application of liposomes corjtaiiiing jBlorfcron to guinea, pig 
skin resulted in a reduction, of skin herpes while delivery of •mterferoti via ether 
means (eg, m a solution or as m emulsion) were ineffective (Werner etat, Journal of 
Dmglargefeg, 1992, 2, 485-410). Further, an additional study tested the efficacy of 
interferon administered as part of a liposomal fonnnl atioo to the admmistTMion of 
interferon using an aqueous system, and concluded that the liposomal forrnulation was 
superior to aqueous administration (du Piessis et aL Antiviral Research, 1 992, 18, 
259-265). 

Non-ionic liposomal Systems have also been examined to determine their 
utility in the delivery of drugs to the skin, hi particular systems comprising non-ionic 
surfectaiTt and choteterol Kk>ivlome.HposonmS iormulatioTis comprising 
Novasome/rM:. I (glyceryl dilaurate^^ lyoxyethylene- 1 0-sfearyJ ether) 

and Novasome.TM. II (glyceryl distearaie/ehofes^^^ 

ether) were used to deliver cyclosporin- A into the dermis Of mouse skin. Results 
indicated that sncli noii-ionie liposomal systems were electi ve b lacliitating the 
deposition of cydosperiu-A into different laws of the skin (Hu ei al. S.T.P.Fharma. 
Sci. I994 y 4 ? 6, 466). 

liposomes also include "sterieally stabilized" liposomes, a term which, as used 
herein, refers to liposomes comprising one or more specialised lipids thai, whet* 
incorporated into liposomes, result in enhanced circulation lifetimes relative to 
liposomes lacking such specialized lipids. Examples of sterically stabilized liposomes 
are those in wMdi pari of the vesicl e-forming lipid portion of the liposome (A ) 
comprises one or more glycohpMsvSuch as monosialoganglioside ClsiikM! or (8) is 
derivatlzed with one or more hydrophiUe polymers, such as a polyethylene glycol 
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(..PEG) moiety. White -.-not ;.. wishing "to bp hmmd by my particular- theory, It is Ibought in 
fe e ar t that, at least for stcrically stabilised liposomes contammg gangMoskies, 
s|3hmgooiyelin :} or PEG-deri vatized lipids, the eahafeced .arouIation 'haiMlfe of these 
sterieally stabilized liposomes derives from a reduced intake into cells of the 
retiCQlocndothelia! system. (RES} (Allen el aL/FEBS Letters, i9l?7/223, 42; Wu ei at. 
Cancer Research; 1993, 53, 3765), 

Various liposomes comprising one or more glyeolipids are known in the art. 
Papahadj opoidos et al (Ann. ISLY. Acad. Sei., 1987, 507, 64) reported the ability of 
Tnonosiaioga^giio^ide G.sukM 1 r galactocerebroside sulfate and phosphatMylm^ 
to Improve blood half-lives of liposomes. These findings were expounded upon by 
Gabteon et al (Proa Natl Acad, Sci U,S,A +5 1988, ..'8$, 6949). U.S. Pat No. 
4*837*828 and WO both to Allen el al, disclose liposomes comprising (1) 

sphingomyelin and (2) the ganglioside G, sub, Ml or a gdaetoeerebroskle sulfate *&tar . 
U.S. Pat, No; 5*543,152 (Webb et at) discloses Mposomes comprising sphiagomydiB, 
Liposomes comprising !,2-sn-dimyristoyipliosphat- Myidialhte are disclosed in WO 
97/13499 (timet al> 

M-my liposomes comprising lipids derivatked with one or more MydrppMlic 
polymers, and methods of preparation thereof are fciiowti in the art. Sunamoto et at 
(Bull Chem. Soe. Spa., 1980, 53, 2778) described liposomes comprising a nemoTuc 
detergent, 2C,aob;!215G, dial coiaMms a PEG moiety, ilium et al (PEBS Lett,, 1984, 
} 67, 79) noted that hydropMHc coating of polystyrene particles with polymeric glycols 
results in significantly eolxaneed blood halt-lives. Synthetic phospholipids modified by 
the attactoem of earboxyiic groins of polyafkydetre glycols (e.g., PEG) are described 
by Sears (U.S. Pat. Nos. 4,426,330 md 4,534,899). Kbb&uov et al (PEBS LetU 1990, 
268 ; 233) described experiBients demonstratiiig that liposomes comprising 
PimsphMidylcdiaaoIamine (FE) dmvatized with PEG or PEG stearate have signiiieatii 
increases m blood .em^iadoii-baif-Uves, BUune et al (Biochimiea ei Biopbysica Acta, 
1990, 1029, 91) extended such observations to other PEG-derivad^ed phospbolipid^, 
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eg,, PSPB-PECl* formed from tlie combination of 

disiearoylphosphad^^ (DSPE) and PEG, Liposomes h&ving covatenil y 

bound PEG moieties on their external siirface are described in. European Patent No. 
BP 0 445 131 Bl and WO 90/04384 to Fisher, liposome compositions ecmiahrfeg Ir 
20 mole percent of PE derivati^ed with PEG, and. methods of use thereof am 
described by Woodle el al (U,S';,Pat Mas, 5,013,556 and 5356,633) and Martin et ai 
(U.S. Pat, No, 5,213,$04 and European Patent No. EP 0 496 Bl 3 Bl). Liposomes 
compdsmg a Bumfeer of other lipi d-polynier conjugates are disclosed in WO 91/05545 
and UJ8; Pat. No. 5,225,212 (bath to Martin et al) am! in WO 94/20073 (Zalipsky et 
ai) liposomes comprising PEG-modified cerarrjide lipids are described in WO 
Q6/1039J. (Choi et al). U.S Pat No, 5,540,935 (Miya^akl el aL) and U.S. Pat No, 
5,556,948 (Tagawa ot aL) describe PEG-oontaioing liposomes that can be further 
deri valued with ftmetiona! moieties on their surfaced- 

A limited . tmnftber of liposomes comprising nucleic acids arc town in the art, 
WO 96/40062 to: Thierry et al. discloses methods for encapsulating high molecular 
weight nucleic acids in liposomes, U S. Pat. No, 5,264,22.1 to Tagawa et al discloses 
pmiem-honded liposomes and asserts that the contents of mo& liposomes may include 
an dsRNA'RNA. U.S, Pat. No, 5,665,710 to Rahman et ah desetifces curiam metk>ds 
of encapsulating oligodcoxynucleotides in liposomes. WO 97/0478? to Love et al 
discloses liposomes comprising dsRNA dsRNAs targeted to themf g^ic, 

"rraiisfersomcs are yet another type of liposomes, and are -highly defensible 
lipid aggregates which are attractive candidates for drug delivery vehicles, 
Tninslersomes may be described as lipid droplets which, are so highly deformabie that 
they are easily able to penetrate through pores wMeh are snvaller than the dropet 
1 ransiersomes arc adapiabk to the cnviromrieni in wMcli they am used, e.g. they are 
seii-opiimfeing (adapti ve to the shape of pores kt the skin), self-repairing, frequently 
reach their targets without fragmenting, and often self-loading. To make traimfersomes 
it is possible to add surface edge-activators., usually surfeetants, to a standard 
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liposomal composition. Transfbraomes have been i*sed to deiiv^ fe 
the skin. Xbe transfesoni e-mcdialed delivery of serum albumin, km /been shown.io .be 
as effective as subcutaneous injection of a solution eontaimng serum albumin. 

Surfactants find wide application in fommlatioits mch as 'eixxuldions--(iiidMi£g 
micn>emulsions } and liposomes. The most common way of classifying and raking 
the properties of the many different types of surfactants, both natural and synthetic, is 
by the use of the h>%opMl^ni|x>ph|k.. b^anse (HLB), The nature of the bydropliiHc 
group (also known as the "head") provides the most use&l means for categori zing the 
different surfectaits used in fbnnulations (Rieger^ in Pharmaceutical Dosage Forms* 
Marcel Dekker, Inc., Now York, N.Y, 1988, p. 285), 

If the surfactant molecule m not ionized, it is classified as a nonionic 
surfactant Nonionic snmotants fed wide application. hi pbamiaeentical and cosmetic 
products and are usable over a wide range of pH vafues. In general their H LB values 
range from 2 to about 1 8 depending on their structure, Monionie surfactants include 
nonionic esters such as ethylene glycol esters, propylene glycol esters, glyceryl esters, 
polyglyceryl esters, sorhitan esters, snerose esters and ethoxylated esters. Nonionic 
alkaiiolaniides and ethers such as fatty deohol;eth^y).ate§, propoxylated aleobols, and 
edioxylated/propo^yfaled block polymers are also included in this class, The; 
polyoxyethylene surfactants are the most popular members of the nonionic ^uri^etant 

If the sur&ctaiit mokeab carries a negative charge when it is dissol ved or 
dispersed in water, tbe suxfactant is classified as anionic. Anionic surfeetams include 
carboxylases s uch as soaps , acyl lactyiates, aeyl amides of amino acids, esters of 
suifiiric acid such m alky) sulfates and ethoxyiated alkyl sutfetes, snitates such, as 
alky} benzene suitboates, aeyt isethionates, .acyl tmirates and sultbsaecinates, and 
phosphates. The most important members of the anionic, sarfeetmi.t class are the alky! 
sulfates and the soaps. 
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I f the sartkctant molecule carries a positive cliargo when it is dissol ved or 
dispersed it) water* the surfactant is classified as catiorac*. Gationie surfactants include 
quaternary anniionium salts and eihoxylated umiiics; Hie quaternary aminonium salts 
are the most used members of this class. 

If the sia-factant molecule has the ability to- carry either a positive or negative 
charges .-the surfactant .is classified as amphoteric. Amphoteric surfactants include 
acrylic acid derivatives, .^ufestitBta.! alkylanudes, K-dk>4betaines : and. phosphatides. 

The use of surfactants in drug products, form ulations arid m emulsions has 
been reviewod (Riegeiv in Pharmaceutical Dosage Eoiib% Marcel Dekken inc., Nevy 
York, N .Y\ ? 1988, p. 285). 

Penetration Enhancers 

in one embodiment, the present invention employs various penetration 
enhancers to effect the efficient delivery of nucleic acids, particularly dsRNA^ to the 
skm of anhnals. Most drugs are present in solution in both ionized and nonioni zed 
fbrnis. However, usually only lipid soluble or lipophilic dmgs readily cross eel) 
membranes. It has been discovered that even non4ipophiKo drugs may cross c&H 
membranes if the membrane to be crossed is treated with a penetration aifaancer. tn 
addition to aiding the diffusion of non4ipopMiic drags across eel! membranes, 
penetration enhancers also enhance the penneabUity of lipophilic drugs. 

Penetrati on enh ancers may be classified m belonging to one of five broad 
categories, i.e., surfactants, fatty acids, bile salts, chelating agents, and non-ehelating 
non^nrfectants (Lee et a!,. Critical Reviews in Therapeutic Drug Carrier Systems, 
1991, p 92) . Each of the abo ve mentioned cl asses of penetrati on enhancers are 
described below in. greater detail 

Surfactants: hi connection with the present invention, surfactants (or "surface- 
active agents") are chemical entities which, when dissolved in an aqueous solution, 
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reduce the smrfece tmmm of the solution or the iutedkcial tendon between the 
aqueous sol ution and another liquid, with the result that absorption of dsRNAs 
tlirough the trmcesa k enhanced. In addition to bile salts and tatty acids, these 
penetration enh ancers Include, for example, sodium : Imtyl sulfate, poI>myethylene~-9- 
lauryl ethcrand po^ et al. Critical. Reviews in 

Therapeutic Drug Carrier Systems, 199J $ ;p*92); and perOiiorochermeal emiiMon% 
such as FC-43, Takah&sM el ah, JL Pliarm, Pharmacol, I988 y 40, 252), 

Fatty, acids: Various fatty acids and their derivatives which act as penetration 
enhancers include, for example, oleic add, i&uric acki capric add (n-deearsoic acid), 
myris&e aeid ? palmitic acid, stearic acid, linofeic acid, .linoiemc acid. dieapnfe 
teoaprate^ moneoiem (1-monooIcoyl-mc-gIy^emI), dilaurm, caprylie acid, arachidonic 
aci glycerol I -rnon ocaprat e, I <iodeey1a£&^ 

acy^ehoiine^ Csnb, 1> 10 aikyi esters hereof (e,g. ¥ methyl, isopropyl and ^batyi), : and 
mono- md dh-glycerides thereof (i ,e., oieate, laur&te, e&prate* myrisiate, palmitate, 
siearate, iinoleate, etc) (Lee. et .aL> Critical Reviews in Therapeutic Drug :Carryier 
Systems, 1991, p. 92; Murairi^^ Carrier 
Systems, 1990,7, i -33; BI Hariri el aL, I Pharm. Pharmacol, 1992, 44, 651-654), 

Bile salts: The physioiogi eal role of bite i ncludes the feci litation of dispersion 
and absorption of lipids and M^soluhle vitamfes (Briniton, Chapter 3H in: Goodman 
& Chlmatfs The Fharmacological Basis: of Therapeutics, 9th .Ed., I lardman et ah Eds., 
MeGraw4!iIh New York, 1996, pp. 934-935). Various natural bile sate, ami their 
swthetic derivatives, act as penetration enhancers. Thus the term "bile salts" includes 
any of the naturally occurring components of bile as. well as any of their synthetic 
derivatives. The bile salts of the invention include, for exmnple, choiic acid (or its. 
pkamiaeeuheally acceptable sodium salt, sodinrn cholateh dehydrocholic acid 
(sodinni dehydrecholate), deoxycholic acid (sodkra deo&yeholate), gl acholic acid 
(sodiimi gluchoiate), glyehoMc acid (sodium giycocholate), gIycodeoxydhc?!ic acid 
(sodium glyoodeoxychoiaie), taurocholie acid (sodium tauroehokte), 
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■taurodwxychplte acid (sodium taorodeoxycholate), ehenodeoxyeholie add (sodium 
•chenodeoxyclial ate}., ursod eox ycholi c add (U DC A), sodium imm~ 2 4 ? 2S-dih> ? dn> 
tusidaie (STDHF), sodium glycodihyd^ po]yax>^thyIme-9-!auryi ether 

(FOB) .(Lee et il. Critical Reviews, in Therapeutic Drug Gamer Systems, 1991 , page 
92: Swhiyard, Chapter 39 in: Remington^ Tliarmaeeuiica] Scier^^ 
Gcnnaro, ed., Mack Publishing Co., Hasten, Fa* 1990, pages 782-783 ; MutanisM, 
Critical Review 1-33; Yam&moto et 

al, J. fhmth Exj>. Then, 1992, 263, 25; Yamaahita et al ? J, Pharm, SeL 1990, 79, 
579-583}: 

Cheating Agents: Chiiatiiig agents, as used in connection with the present 
invention, can be defined as compounds ftiat remove metallic ions from solution by 
fenning ct)Biplexcs therewith, wMi tile result that absorption of dsRN As through the 
■mucosa.- is enhanced. With regards to their use as penetration enhancers in fee present 
invention, ehelaiin.g ageo.ts have the arf<ied ad vantage of also serving as BMase 
inhibitors, as most characterized DNA Tiudeases require a divalent metal ion for 
catalysis and are thus inhibit^ I Chromaiogr . , 1993, 61 S, 

315-339). Chelating agents of the indention include hut are not limited to disocSum 
<#iyte#edi^^ (EDTA) y citric acid, salicylates (e.g., sodium salicylate, 5- 

metlxmysalieylate and homo vanilate), M~aeyl derivatives of collagen, and N- 

amino aeyl derivatives of beiaHlik^tones (enamiBes)(Lee et ai, Critical Reviews in 
Therapeutic Drug Carrier Systems, I99 L page 92; MuramsM, Critics! Reviews in 

nierapmtie Drug Carrier System^ 1990, 7, 1-33- Bum et aL ? L Control Rd, ? 1990, 

14, 43-51). 

Non-chelatiag non-surfactants: As used herein, non-eJielating non^urfectant 
penemUioti enhancing compounds can be defined as compounds that demonstrate 
imgnificaiU acti vity a^ cheating agents or m mrfmMxm hut ihat noneiliele^ enhance 
absorption of dsRNAs through the alimentary mucosa (Maranishi Critical Reviews in 
llierapeutie Drug Carrier Symems, 1 990, 7> 1-33 V This class of penelmtion enhancers 
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include, tor example, unsaturated cyclic ureas, I -alky*- md l>a!kenyIaxacy^lo- 
alkanoiie derivatives (Lee et Critical Reviews in Therapeutic Drug Carrier 
Systems, 1991 , page 92); md non-steroidal antl-inflaiinnatory sgcats sucli as 
diclofenac sodium, mdometh&ein and phenylbutazcme (Yamashiia et aL X Phami. 
PImnnaeoiL 1987, 39, 621-626). 

Agents tiiat enfemce uptake of dsRN As at the cdlular level may also be added 
to the phamiaeeuikal md other composi tions o f the present invention. For ex ample, 
eationle lipids, such as lipofectin (lunichi et ai U.S. Pat No. 5,705,188), oatloxuc 
dveerol derivatives, and polvcationic moiecoks, such as polylysme (Lollo et aL, PCT 
Application WO 97/3073 1% are also known to enhance me cellular uptake of 
dsRNAs. 

Other agents may be utilized to enhance fee penetration of the administered 
nucleic acids, including glycols such as ethylene glycol and propylene glycol, pyrrols 
such as 2-pyrrol, azones, and terpenes such as limonene and menthooe. 

Carriers 

Certain compositions of the present invention also meorporate carrier 
compounds In the fonnulatfen. As used herein, "carrier compound" or "earner" can 
refer to a mscleic acid, or analog thereof, which Is inert (i.e., does not possess 
biological activity per se) but is recognized as a nucleic acid by in vivo processes that 
reduce die bioavailability of a nucleic acid having biological activity by, for example, 
degrading the biologically active nucleic acid or promoting its removal from 
circulation. The coadministration of a nucleic acid and a carrier compound, typically 
with an excess of the latter substance, can result in a substantial reduction of the 
junount of nncleie acid recovored In the liver, kidney or other cxlracireulalory 
reservoirs, presumably due to competition between t he carrier compound and the 
nucleic acid for a common receptor. For example, the recovery of a partially 
ohosphorotMoate dsRNA in hepatic tissue can be reduced when it is coadministered 
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with polyinoshhe acid, (dextras. sulfate, polyeytidie acid or4-acetamido^ 
4.'i8<>^ocy?B^^i!be^2^-^S^fo^ acid (Miyao et al., DsRMA Rss. Dev., 1995, 5, 
1 15-121; Takakora et at, DsR^A. & Mucl. Acid Drug Dev., 1996, 6, 177-183. 

Bxcipienis 

la contrast: to a carrier compound, a "pharmaceutical earner" or "ex&pteai* is a 
phannaeeuticaliy acceptable solvent, suspending agent or any other pharmacologically 
inert vehicle lor delivering one or more nucleic acids to an animal The exeipieni may 
be lipoid. or solid and is selected, with the planned manner of administration in mind, 
so as to provhie tor the desired hulk, consistency, etc,, when combined with a nucleic 
acid and the other components of a given pharmaceutical composition. Typical 
pharaiaeeuiieal carriers include, but are not limited to, binding agents (e.g., 
pregeiatinixed maize starch, polyvinylpyrrolidone or hydroxypropyl meihylcellulose, 
etc.); fillers (e.g., lactose and other sugars, macrocrystalline cellulose, pectin, gelatin, 
ealdum sulfate, ethyl cellulose, polyaerylaies or calcium hydrogen phosphate, etc.); 
lubricants (e.g., magnesium stearate, talc, silica, colloidal silicon dioxide, dearie acid, 
metallic stearales, hytsropnated vegetable oils, com starch, polyethylene glycols, 
sodium henzoate, sodium acetate, etc.); disiniegrants (e.g., starch, sodium starch 
gtyeoiate, etc.); and wetting agents (e,g., sodium ianryi sulphate, etc). 

Pharmaceutical iy acceptable organic or inorganic excipient suitable for non- 
parenieral administration which do not ddeteriousiy react wife nucleic acids can also 
he used to fonuulate me compositions of the present invention. Suitable 
phannacetitically acceptable carriers include, but are not limited to, water, salt 
solutions, alcohols, polyethylene glycols, gelatin, lactose, amyiose, magnesium 
stearate, talc, silicic acid, viscous paraffin, hydroxymethyicelluiose, 
polyvinyipynolidone and the like. 

Formulations for topical admini stration of nucleic acids may include sterile, 
and non-sterue aqueous solutions, non-aqueous solutions in common solvents such as 



WO 2007/115168 



PCT/US2007/065636 



alcohols* or solutions of the nucleic acids in liquid of solid oil bases, The so lutions 
may also contain buffers, diluents and other suitable additives. Pliarmaceutically 
acceptable organic or inorganic e^eipieiits suitable for non-parenteml admimsiration 
whi ch c!c>- not deliriously react with aiideic acids, can be .used. 

Suitable ph&nnaeeatie&ll y acceptable e&elpients include, but are not limited 'to.,, 
water, salt solutions, alcohol,, polyethylene, glycols, gelatin, lactose, arnylose, 
nmgnesium stcarate, talc, silicic add, viscous paraffin, hydroxymethylccltoldse, 
pa ty v mylpyrrol idon &■. and the like. 

Other Components 

The compositions of the present invention may .additionally contain other 
adj-anet eonipoiiexits conventionally found in pharmaceutical compositions, at their 
ari^staHIshed usage levels. 11ms, formample;tiie compositions may contain 
additional, compatible, pham^ceutlcaily-aeti^ as, for example, 

antipfuritics, astringents, local anesthetics or aiiti-inflammatory agents, or may contain 
additional materials uso&i m physically formulating various dosage forms of the 
compositions of the present invention, such as dyes. Savoring agents, preservatives, 
antioxidants, opacifers, thickening agents and stabilisers. However, such matotisls, 
wheu added, should not unduly interfere with the biological activities of the 
components of the compositions of the present invsHtioa The fbrniulations can he 
sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants, preservatives, 
ziabmmm wetting agents, eniulsifiors, salts for influencing osTuotie pressure, buffers, 
colorings, flavorings and/or aromatic substances and the like which do not 
deleteriousf y interact with the nucleic acid(s) of the formulanon. 

Aqueous suspensions may contain substances which increase the viscosity of 
the suspension including, ibr example, sodfom carboxymethylcelid sorbitol 
aud/or dextaau The suspension may also contain stabilizers. 
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Certain anhodimenis of the invention provide pliarmaeeutical compositions 
.containing (a) one or more aniisenise compounds and (b) one or more other 
chemolhempeutic agents which function by a noo-aiitisense mechanism. Examples of 
such chemotherBpeutic agents include but are not limited . to daunorabisin f 
daunoBiycii^ daetioomycin, doxorubicin, epirubiciii, idaruMdn, esombiein, 
bleomycin, mafosiimide, ifos&nxide, cytokine arabinoside* bk-cMomeihylni tosurca, 
.busalfen, mitomycin C, actinomydn 0, rnithramyeim prednisone, 
hydmxypragesierone, testosterone, tamoxifen, daearba&ine, pr oearfsazme, 
h examethylrn elamine* pentameihy Imeiandne, mitoxantmne, amsacrme, eMoranibucil 
methylcydobexylnitrosorea, nitrogen mustaxds> mdphalan, eyeioptapbmnide, : 8- 
mercaptopi-srine, S-feioguasnne, eyiarafcine* S-azacyiidine, hydroxyurea, 
deoxyeoformycin, 4-hydro^ amide f 5-fluorouraci] (S~F0} 5 5 - 

lluorodeoxyuridine (5-FUdR), methotrexate (MTX), colchicine, taso!* vincristine, 
vinblastines etoposkb (VP4% trimetrexaie, Mnoiecan, topotccan, gemcitabin^ 
t*n^xtei&„ cisplatm and diethyktilbestrol (DBS). See, generally. The Merck Mmml 
c^Diagnosis.aiid Thera|?& IStliEd iS87 5 pp, 1206-1238, Berkow et al 5 mk>, 
R ailway, N W hen used witli the coinpoimds of the invention, such 
ctanolherapeutic agents may be used individaMiy (e.g., 5-FU and oiigonucboddel 
seqnendaily (e.g. , S-FU and oligonuckotide for a period of time followed by MTX 
and oligonndeotide), m m combination with one or more other such 
chemotherapeutie agents (eg., 5~FU ? MTX and oiigonucleotide, or 5~Fli radiotherapy 
m & oligonudeotide). Anii4nfiammatory drugs, including but not limited to 
nonsteroidal antHnil ammatory drugs and eortieosten3ids ? and anti viral drags, 
poinding but not limited to ribivmn* vidarabine, acyclovir and ganciclovir, may also 
be combined in amiposiiions of the mve^tton. See, generally, The Merck Manual of 
Diagnosis and Therapy, ISth Ed. Berkow et at, eds.,19B?, Rabway.NJ, pages 
249<W506 and 46-49, respectively). Other nor^aiitisense ehemoth^rapeutic agents are 
also within the scope of this in vention. Two or more combined, eompound.^ may be 
used together or sequentially. 
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Toxicity and .'therapeutic efficacy of such compounds, can be detemiiiied by 
standard phanBac^iitic^i procedures in cell cultures or experimental animals, e.g;, for 
determining fee LDSO (the dose lethal to 50% of the population) and the EDSQ (the 
dose therapeutically effective in 50% of the population). The dose ratio between toxic 
and therapeutic effects is the therapeutic index and it can he expressed as the ratio 
LD50/ED50> Compounds which exhibit high therapeutie inxiiees are preferred 

The data obtained from cell culture assays and aninial studies can he used in 
tommlation a range of dosage tor use in humans. The dosage of eompo^itious of the 
invention li es general ly within a range of ciroul aiing eoTieeiitratioiis tfcat include the 
ED50 with little or no tonicity. The dosage may vary within this range depending 
upon file, dosage form employed; and the mute of administration utilised . For . any 
compound used in the method of the in vention, the th^apeaiicaiiy ei&etive dose can 
fee estimated initially from eel! culture assays, A dose may he formulated in animal 
models to aeMeye a circulating plasma concentration rmige of the compound or, when 
appropnate v of the polypeptide product of a target seq uence (e.g, ? achieving a' 
decreased concentration of the polypeptide) that includes, the ICS!) (Le>, the 
concentration of the test compound which achieves a haif-maxinia} inhibition of 
symptoms) as detennmed in cell culture. Such information can fee used to more 
accurately determme xmzM doses in humans. Levels in plasma may he measured, for 
example, fey high performance liquid clmmatography. 

In addition to their administration individualiy or as a plurality, as discussed 
above, the dsRNAs of the i nvention eau be administered in combination with oth er 
known agents effective in treatment of pathological processes mediated by Eg5 
expression. In any event, the administering physician can adjust the amount and 
timi ng of dsRNA administration on the basi s of results obser ved using standard 
measures of efficacy known in the art or described herein. 



WO 2007/115168 PCT/US2007/065636 

M^gd^ for treatisig disea ses caused by expressloii of tfae Jggg gene 

"The im y mtion t^lai€s in particular to the use of a dsRN A or a pharmaceutical 
coibpqsMdh prepared therefrom for the. treatment of cancer, e.g., for inhibiting t&mor 
growth and tumor metastasis. For e&ampH the dsRNA or a pharmaceutical 
composiiion prepared therefrom may he used far the treatment of solid tumors like 
breast cancer, lung cancer, head and neck cancer, brain cancer, abdominal cancer, 
colon cancer, colorectal cancer, esephagps cancer, gastroinlestinal cancer, glioma, 
li ver cancer, tongne cancer, neuroblastomas osteosarcoma, ovarian cancer, pancreatic 
cancer, prostate cancer, rctmoblaijtoma, Wilnfs tumor, multiple myeloma and for the 
treatment of skin cancer, like melanoma, for the treatment of l>mphimias .and blood 
cancer. The invention further relates to the ase of an&sRN A according id the 
invention or a pharmaceutical composition prepared therefrom for inhibiting egS 
expression and/or for inhibiting accumulation of ascites fluid and pleural efftision in 
differeni types of cancer, eg,, breast cancer, lung cancer, head cancer, neck cancer, 
brain cancer, abdominal cancer, colon causer, colorectal cancer, esophagus cancer, 
gastmiMestinal cancer, glioma, liver cancer, tongue cancer, .neuroblastoma, 
osteosarcoma, ovarian cancer, pancreatic cancer, prostate cancer, retinoblastoma, 
WihiVs tumor, multiple myeloma, skin cancer, melanoma, lymphomas aed blood 
cancer. Owing to the inhibitory ei&cl on egS expression, an dsRNA according to the 
invention or a phannaceuiicai composition prepared therefrom am enhance the quality 
of .life. 

The in vention furthermore relates to the use of an dsRN A or a phammoeuiieaS 
composition thereof, e.g., for treating cancer or for preventing tunior metastasis, in 
combination with other phammceutieals and/or other therapeutic methods, e.g., with 
known phanBaceutical^ and/or .known therapeutic methods, such m, for example, 
those which are currently employed for treating cancer ami/or fer preventing tumor 
metastasis. Preference is given to a .combination with radiation therapy and 
chemoiherapeutic agents, such as eisplaiiii, cyclophosphamide, S4luoroimiciL 
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adriainyeirt, daanoriiMcin or tamoxifen. Other emoluments include the use of a second 
dsENA used to inhibit the expression of VEGF. 

The invention can also be practiced by including with a specific RNAi agent, 
m combination with another anti-caneer chemotlierapeutie agent such as any 
conventional chemotherapeutle agent or another dsRNA used to inhiht the expression 
of VEGF. Hie combination of a specific binding agent with such other agents can 
potentiate the eheniotlicrapcutie protocol. Niimeroos chemothempeutie protocols will 
present themselves in the mind of the skilled practitioner as being capable of 
incorporation into the method of the in vention. Any chemother&peu&e agent can be 
osed, including alkylating agents, antimetabolites, hormones and antagonists, 
radioisotopes, m well as natural products. For example, the compound of the 
invention can be administered with antibiotics: such as doxorubicin and other 
antliraeyeline analogs, nitrogen mustards such as cyclophosphamide pyrlniidine 
analogs such as S-fiiiorouraciU eispiatin ^hydroxyurea, taxoi and its? natural and 
synthetic derivatives, and the like. As another example, in the ease of mixed tumors, 
such m adenocarcinoma of the breast, where tile turners incl ude gonadotropin- 
dependent and gonadotropm-independetit cetb, the compound can he administered in 
conjunction with leuprolide or goserefin (synthetic peptide analogs of LH-RH). Other 
antineoplastic protocols include the use of a tetracycline compound with another 
treatment modality, e.g,, surgery, radiation, etc., also reien-ed to herein as "adjunct 
antineoplastic modalities. " Thus, the method of the invention can be employed with 
such conventional regimens with the benefit of reducing side effects and enhancing 
efficacy, 

in yet another aspect, the invention provides a method for inhibiting the 
expression o f the EgS gene in a m ammal. The method comprises administering a 
composition of the invention to the mamma! such feat expression of the target Eg5 
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gene is silenced. Because of their high specificity, the d$RNA£ : of • &e. invention 
specifleaOy target 'KNA&- {primary or processed) of the target Eg5 gme. Compositions 
and methods for inhibiting the expressiori of these Bg5 genes using dsENAs can be 
peribrmed as described elsewhere herein.,. 

hi one embodiments the method comprises administering a composition 
comprising a dsRNA, wherein the dsRNA comprises a nucleotide sequence which is 
complemexvtary to at least a pari of an RNA transcript of the EgS gene of the mammal 
to be treated , When the organism to he treated is a m animal .such as a h uman, the 
composition, may he administered by any means known in the art including, but iiot 
limited to oral or parenteral routes, including intravenous, iiitranmsealai. 
subcutaneous, transdermal, airway (aerosol), nasal, rectal,, and topical (includmg 
buccal and suMingu&l) administration. In preferred embodiments, the compositions 
are admmistcred by intravenous iulhsioiror injection. 

Unless otherwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to which 
this invention belongs. Although methods and materials similar or eqoivalent to those 
described herein e&n he used In the practice or testing of the in¥mtioi\, citable 
methods and materials arc described below. All piifeMcations 5 . patent appiicaik^S, 
patents, and other refcrciices mentioned herein are incorporated by reference m their 
entirety. In case of conflict the present specification, including defini tions, wi ll 
control ia addition, the materials, methods, and samples are illustrative only and not 
intended to be limiting. 
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EXAMPLES 

Ge&e Wal ki ng ..of the Egg jsgijg 

siRNA design was carried out to identify siRNAs iargetiog Eg5 (also known its 
KJFI1, HSKF, KNSL1 and TRIPS), Human m.RNA sequences to Eg5* EelSeq ID 
n umber :NM <Ki4523 ? was used, 

siRNA daptees cross-reactive io hirman and mouse HgS were designed. 
Twenty-foiir duplexes were symhesized for screening, (Table 1 ), 

Expanded screenin g -set 

A second screening set was defined with 266 siRNAs targeting human EG 5, as 
well as its rhesus moiikev ortliolog {Table 2)* An expanded scremfeg s^i was selected 
with 328 siRNA targeting teiiaxt BG5, with no necessity to Mi any EGS mRNA of 
olher species (Table 3). 

The sequences for human and a partial rhesus BG5 nsRNAs were downloaded 
from NCBl Nttcl^ti4M«tabase md the humm. sequence was further on used as 
reference sequence (eumm EG5:NM_004523,2 ? 4908 hp, and Rhesus EGS: 
XM ^0010871644 J> 878 hp (only 5* pari of human EOS) 

For Identification of toltet rhesus EG5 sequences a mega bl ast search with 
the human sequence was conducted at NCB1 against rhesus referenee genome. The 
downloaded rhesus sequence mid the hit regions in the bi&st hit were assembled to a 
rhesus consensus sequence with -92% identity to hmnm EOS over the folMexigth- 
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All possible 39n>exs w€te extracted from the human niRNA sequence, 
resulting in the pool of candidate- target sites corresponding to 4890 (sense strand) 
sequences of Mmiaii-re^ctive EGS siRNAs. 

Muman-rhesas cmss^activity as prerequisite for in. silica selection of siRHAs 
for ail initial screening set out of .this. CiUidktatepooi. To determine rhesas-Teactive 
siRNAs, each candidate sxKU A target site was searched for presence in fee assembled 
rhesus sequence Further, the predicted specificity of the . siKNA as mterion for 
selection: of out the pool of hurnan-rhe^us e^ss-reactive siRISlA^ manifested by 
targeting: hnrnan HQS mR^ A sequences; hoi not other human mRNAs, 

The specificity of an siRNA can be expressed via its potential to target other 
genes, which arc refeircd to as 4 -ofl-farget. genes'". 

For predicting the of^iarget potential of an siRKA, the -following assumptions 
were made; 

1 } off-target potential of a strand can be deduced from the number and 
distribution of mismatches to an ofN&tget 

2) the most relevant off target, that is the gene predicted to have the highest 
probability to be silenced due to tolerance of mismatches determines the off- 
target potential of the strand 

3) positions 2 to 9 (counting 5* to 31 of a strand (seed region) may contribute 
more to off-target poteiui a! than rest of sequence (that is non -seed and 
cleavage site region) 

4) positions 1.0 and I i (counting 5* to 3'} of a strand (cleavage site region) may 
contribute more to off-target potential than non-seed region (that is positions 
12 to 18; countings 5 to 3 r ) 
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5) posuiom i ami 19 of each strand are not rebvant for al^target mteractions 

6) oil- target potential can be expressed by the oflvMrget score of the most 
^devant off-target, calculated based on number md position of mismatches of 
the strand ix> the most homologous region in the off-target gene considering 
assumptions 3 to S 

7} o;tT4argerpo.te«.tiai of aniisense and sense strand wBI hte relevant, whereas 
potential abortion of sense strand, activity by inten^ai modiIiei4i:O.ns..iBtT0dueed 
is likely 

SiRNAs with low ofi-target potential were defined as preferable arui assumed 
to be more specific. 

in order to identify hirnian. EGS-speeific siRNAs, all other human tmnxcripis, 
which were ail considered potential ofRargets, were searched for potential target 
regions ibr human-rhesus cross-reactive .'l$mef. sense strand seqnenees as well as 
conipl^iiientary antisense strands. For this, the fast A algorithm was used to determine 
the most homologues hit region in each sequenee of the human RefSeq database, 
which we assume to represent the eomprdiei^i ve hBrnaB traiiscriptome. 

To rank all potential off-targets according to assumptions 3 to 5, mid by this 
identify the most relevant off4arget gene and its off-target score^ fkstA output files 
were analysed: further by a per! script. 

The script extracted the following offr target properties for each I9mer input 
sccinenceami each ofHafge* gene to calculate the off target score: 

Number of mismatches in non-seed region 

N limber of mismatches in seed region 
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Number pf mismatches hi cleavage site region 

The ofi~targel score was calculated by considering assumptions 3 to 5 as 
follows; 

Ofl-t&rget score - mtmber of seed mismatches 10 
r number of cleavage si te mismatches ■* 1,2 
* number of non-seed mismatdies I 

The most relevant off-target ge^ie for each 1 9iner sequence was defined as the 
gme with the lowest ofj-target score. Accordingly, the lowest o#-target score was 
defined as representative for til® oil-target potential of a strand, 

For She screwing set in Table 2, an otPtarget score of 3 or more for the 
antisense smmd md'2 or more for the sense strand was chosen as prerequisite fer 
selection of whereas all sequences containing 4 or more consecutive G\s 

(poiy-CS sequences) were excluded 266 human-rhesns cross-rcaetive sequences 
passing the specificity criterion, were seleo ted based on this cut-off (see Table 2). 

For defmitiqn of the expanded screening set the eross-reaetivity to rhesus was 
disgarried, re-ealenlated the predicted specificity based on the newly a vailable human 
RefSeq database and selected only those 328 non-poly-G siENAs with oil-target, score 
of 2,2 or more for the antisensc and sense strand (see Table 3); 

For the Tables: Key: A.CLC.O-rihoinicleotides: l^deoxythyinidine: im>2'~0" 
methyl nucleotides: s-phosphorothioate linkage 
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Whore the source of a reagent is not specifically given herein, swh reagent 
may be obtained from any suppli er of reagents for molecular Biology at a 
quality/ purity standard for .-application ^molecular biology, 

Smgie-Mranded &NAs were produced by solid phase synthesis on a scale of 
I pinole using m Expedite 8909 synthesizer (Applied Biosysiems, Applera 
Deutsehland GmbR Dannsl&dt^ Germany) and controlled pore glass (CP€h 500 A, 
Prollgo Bioohemie GmbH, ! lainbuxg, Germany) as solid support, RNA and RNA. 
containuig 2-O-methyI nucleotides were generated by solid phase synthesis 
employing the c^>n-espOBdiiigphosphoramidites and 2 -O-methyl phosphoramidites, 
respectively (Proligo Eioehemie OmbH, Hamburg, Gennaiiy). These building blocks 
were incorporated at selected si tes within the sequence of the ohgonhonudeotide 
chain using standard nucleoside phospboramidite chemistry such as described in 
Current protocols in nucleic acid chemistry, Beaucage, SX, et aL (BdtsU* John Wiley 
& Sons, Inc., New York, NY, USA. Phosphorotinoate linkages were introduced by 
replacement of the iodine oxidizer solution with a solution of the Beaiieage reagmt 
(Chniadiem Ltd, Gksgow, UK) in aeetonitrik Further ancillary reagents were 

QhtaixKsd from :M0mcki^.Bak)^ (Griesheim, Germany), 

Depmteetion and purification of the crude aligoribonudeotides by anion 
exchange HP LC were carried out: according to established procedures. Yields Md 
eoncentraiions were detennined by UV absorption of a solution of the respeetive RN A 
at a wavelength of 260 mi using a spectral photometer (DO 640B, Beekman Coulter 
GmbH, Unier^ Double stranded RNA was generated by mixing 

m .equimolar solution of eomplementary strands in annealing bnfe (20 mM sodium 
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phosphate, pi 16, 8; 1 00 mM sodium chloride), heated in a water bath at 85 - 9(fC for 
3 minute /a&d coaled to rooni temperature over a period of 3 - 4 hours. The annealed 
RNA solution was stared ai -20 °C until use. 

For the synthesis of F-choiesiero^ to as - 

a.B appropriately modified solid support was used for RNA synthesis. Ills? 
modified solid support was prepared as follows: 

Diet h yl-2-amb uiaiie- 1 AS earhoxykte AA 



A 43 M aq ueous solution of sodium hydroxide (50 niL) was added. into a 
stkred, ke-cookd solution of ethyl glyeiiiate hydrochloride (32. 1 9 g. 0:23 wle) in 
water (5(3 ml,}. ethyl aerylate (23 A g*&23 mok) was added and the mixture 
was stirred at room temperature until completion of liie- reaction was ascertained by 
TLC, After 19 h the solution was partitioned with dichioromethane (3 x 100 ml). The 
organic layer was dried with anhydrous sodium sulfate, filtered and evaporated. The 
residue wa^ distilted to afiotd AA (28.8 g, 6 1 %}, 

hexam>y!]-amino) -propionic aeid ethyl ester AB 

9 





AB 
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Fnioe~6~amino^ (9.1 2 g, 25,83 mrnol} was dissolved m 

dichloTom&h&m (SO ml) and cooled with ice. IMmpmpyicmh&dnmde (3.25 g, 3.99 
mL y 25v83 mrnol) was added to the solution at 0°C. It was then followed by the 
addition of Diethyl -axalTOtaiie- 1 ,4-dicarboxyl ate (5 g, 24,6 msml) Md dtmethylaBiko 
pyridine (0.395 g, 2;5 minol). The solution washrcm^^ 
sdrml feriher for 6 li> Completion of the reaction: was ascc^ained by 11X1. The : 
reaction mixture was concentrated under vacuiun and ethyl acetate was added to 
precipitate diisoptopy! mm. The suspension was filtered. The filtrate was washed with 
5% aqwons liydiochlorio acid, 5% sodioxn biearbonate and water; The combined 
organic layer was dried o ver sodium sulfate and concentrated to give the crude 
product which was purified by column chromatography (50 % EtOAC^He^anesI to 
yield 11 M g ( 8 8 %) of AM, 

3^(ii-Amhm4^m -propionic aei d ethyl 



hexMoy!j-amino}-|^^mBic; acid ethyl ester AB (1 1 J 213 mrnol) was dissolved in 
20% pSpetMine in diniethyiferniamide at 0°C; The solution was continued stirring for 
1 h. The reaction mixture was concentrated under vacounx, water was added to the 
residue,, and the was extraeted with ethyl acetate. The crude product was 

purified by conversion into Its hydrochloride salt, 

3-< 3-Pi3i>elhy!4iexyl>10 J 3-dimethyi" 

23,47,8,9 J (LII J2J 3,14 
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yloxyearbonylmiino] -hexanoyl } ethoxycar bo^yta acid ethyl 

ester A S) 



H 



9 



Q-1 



AD 



The hycfodiloriik? salt of 34(6~A m itto~hexa^ 
^mol-proda^ (4.7 g ? 14,8 mmol) was taken .up in 

dichlorom^thmie. The suspension was cooled to 0°C oo ice. To the suspension 
dibopro^ g r 5,2 mL, 30 nirnol) was added. To. tte . resulting: solution, 

cholesieryl ehlcstofortnate (6,675 g ? .14,8 ramoi) was added. The reaction mixture was 
mmcd overnight The reaction mixture was diluted with dichloroinethane and washed 
with 1 0% hydrochloric add. The product was purified by flash chromatography 1 1 0.3 
g ? 92%). 



1 - 1 7-(l r 5-Dimei!ry]-hexyi) - 1 CpS-dimethyl- 
y!oKyea*onykmino]-hexan.o add ethyl ester AE 
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AE 



Potassium t-hutoxide (1 . ! g, 9.8; ixraiol) was slurried hi 30 niL of dry toluene. 
The nir&ltire was cooled to G°C on ice and 5 g (&& mmol) of dicster AO was added 
slowly with stieing within 20 mms. The temperature was kept below 5?C during the 
addition. The stirring was conti nued for 30 mias at 0°G and 1 mL of gl aci al acetic acid 
w as added , immediately follo wed by 4 g of N aiiaPO^-H^O m 40 ml of water The 
resultant mixture was extraeted twice with 100 mt of diehlorornethane eaeh and the 
combined organic extracts were washed twice with 10 niL of phosphate buffer each, 
dried, and evaporated to dryness. The residue was dissolved in 60 mL of toluene, 
cooled to 0°€*md extracted with three 50 mL portions of cold pH 9,5 carbonate 
buffer The aqueous extracts were adjusted to pH 3 with phosphoric acid, and 
extracted with li ve 40 mL portions of chiorofonB which were combined, dried and 
evaporated to dryness, The residue was purified by column elifomatopaphy using 
25% ethylacetat^/hexane to afford 1 3 g of b-ketaesier (39%K 

[64341\%te acid 
l%(I>dimethyt^ 

te^ec^y^^ ester AF 
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/ 




AM 



Methanol (2 mL) was added dropwise over a period of 1 h to a refiuxing 
mixture of b-ketoestar AH (LS g, 2.2 mftiol} and sodium borohydride (0,226 g, £> 
mmo!) in t^trahydm&ran (10 mL), Stirring was coritltiued at rcfia^ temperature for ! 
K Ate doling to mom . tempcTal : utx% 1 NH€1 (.12.5 ml J) was added. Hie mixture: was 
extracted with ssthylawtete (3 x 40 ml). The combined etbylaceiate layer was dried 
ovei ' anhydrous sodium sulfate ami concentrated under vacuum to yield the product 
which was purified by column chromatography (1 0% MeOH/CHCk) '(89%); 

1 ^yr^6-oxO"bexyi)-carbamic acid 1 7^(L5»dimetlwl-hexy!}-10, 1 3<iinxetliyl~ 
ester 
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ocH a 



HO. 




o f 1 

^> <bcH 3 



AG 



Die! AF ( 1 .25 gm 1 ,994 mmo!) was dried by evaporating vvith pyridine (2 x 
5 ml,) in vacuo-. Aimydrous pyridine (10 mL) and 4,4*^meihoxytrity]ehk>ride! (0,734 
g, 2,13 mtnol) were added wiih stirring. The reaction was carried oat at mom 
teiTiperature overnight The reaction was quenched by the addition of methanol. The 
reaction mixture was eoueenirated under vacuum and to the residue dichlotomethane 
(50 ml..) was added. The organic layer was washed with IM aqueous sodium 
bicarbonate. The organic layer was dried over anhydrous sodium sulfate, ftliered and 
oimeentrated. The residual pyridine was removed by evaporating vviifo toluene. The 
crude product was purified by column chromatography (2% N4eOH/ChIoroli>no, Rf == : 
0.5 in 5% MeOWGHCij) (1 .75 g, 95%). 



Succinic acid Mmio<4rp:s-(4~melfcoxy^ - i 6 ~ 

[17>{l 5 5HiiinethyI-hesyl)-iO,I3 
teuadeeahydro- i 1:1 eyelopenta[a]phett^ 
pymdidm~3-yl) ester All 
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HQ 




O 



AH 



Competuid AG ( L0 g> 1 ,0S mmd) was mixed with succinic anhydride (045(3 
g s L5 and DMAP (0J073 g, 0.6 mmol) and dried in a vacuum at 40°€ 

overnight The mixture was dissolved m auhydrous diebloroeihanc (3 mL% 
triethyl&rmne (9.3 1 8 g 5 0.440 ml, .3, 15 mmol) was added and the .solution was stirred 
at room temperature under argon atmosphere for 16 h. It was thai diluted wife 
dicMoromedian^ (40 ml) and washed with lee cold aqueous citric add (5 wt%> 30 
mL) and water (2 X 20 mL), The organic phase was dried over anhydrous sodium 
sulfate and eoneentmted to dryness. The residue was used as such for the nest step, 

Chokisterol dm v&iis^d CPG At 



M 

Sueeinate AH (0.254 g,' 0.242 mBiol) was dissol ved iri a mixture of 
dicMoromethane/acetomtriie (3 :2, 3 ml.), lb that solution DMA? (0.0296 g 5 0,242 
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mmol) in aectforotrile (1 ,25 mL% 2,2 ? 4>ithio-bis(S~nitxopyridine} (0,075 g, 0,242 
mrDol) m aoetomtxIle/dkMomeihane (3: 1 9 1 .25 nil) were added successively. To the 
resulting solution txiphenyiphpspfeine (0.064 g, 0.242. nimol) in acetouitrile (0.6 ml) 
was added. The re&elfon Mixture turned bright orange in color, The solution was 
agitated briefly using & wiisl-aetion shalcer (5 mms),. Long cbain alkyl amme-CPG 
(LCAA-CPG) ( LS g, 61"mM) was added. The suspension was agitated for 2 h- Tim 
CFG was filtered through a sintered tunnel and washed with acetonitrile, 
dichloromethane and ether sneeessively; Unreacted amino groiips were masked using 
acetic anh>^Tide/|>yridine. The achi e ved loadi ng of the CFG was measured by taking 
UV measurement (37 mM/g), 

The synthesis o£-$iRN As hearing a S^IB-dodeeaiKHC aeid hisdeeyiamide group 
(herein referred to as or a 5 -elioiesieryl derivative group (hereM referred to 

as "5*~Chot~ ?f ) was performed as described in WO 2004/065601 . except that, &r the 
ehoiesteryl derivative, the oxidation step was perfornied u si ng the Beaueage reagen t In 
order to introduce a pho$|?horc>tMoate linkage at the S -end of the undeic acid 
oligomer 

Nuclei's acid sequeneea are represented below using standard nomenelatute, 
and sped fieally the abbreviations of Table 4. 
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Table 4 i Abhreviatie**s of .nucleotide laoiiom^rs used in Budeic ack! 
s eqo m ce repre^ntatioti. It will fee understood that these Bioriomers, when 
present m m% oligoiiaeieotide, are mutually linked by S^3^pho§pli0dkster bonds. 



1 Abbreviation" 


NucieotideCs) 




1 A. a 


2-deoxy«adcnosiiic-5' -pliosphat^ adetiosme~5 -phmpliaie 


1 


j <A c 


2 -deoxy-cyiidiae-S ^phosphate, cytidine-S "-phosphate 


j 




j 2*~deoxy-guanos^^^ 




j IX t ! 2^ieoxy~th>toidm thymidino-5'-pliospJiat€ 






2' ^eoxy-^ridinc-S* -phosphate, urfdme~S- -phosphate 


; 
; 
; 




any 2Wfexy-nue!e^ (G* A 5: G, or IX ;g> a, c or u). 


1 

; 


I Am 

: ™™™«™. 


2-O-me%4aden0.sme? 5* -phosphate 


: 
; 


| Cm 


2 »0-methyIcytidine- 5 * -phosphate 


; 


| Gm 


2 -C)"TEethyIguanasi0e-5 ' -phosphate 


; 
; 
: 
; 


| Tm 


3 -O-melhyl -thymidi ne-S * -phosphate 


j Urn ! 2 ^phosphate ] 


I Af UMluoro-Z^ieo^ j 


| Cf 


2 f -iluoro-2 c <le^ 1 


\Gf 


2 f -iluoro~2-<box>^^^ j 


|Tf 


2'-fluoix>-2'-deoxy-thymidine-5 * -phosphate 


: 
; 
: 


| Uf 


2~fiBom~2 c ^ 




j A, C G, T s y,a, 

1 am> SiS ? ££& !l* 
| am 


underlined: mideosid ' -phosphorothi oate 


; 


miderlmed; 2-0-meihyl~nu£to 


\ 
I 



■%®pits& letters uprcmM 2 -deox>TiboiiBcleoB.cies (DHA), lower case , letters represent nbomideoildes 



dsRNA expression vectors 

in. mother aspect of the im^ehiian, Eg5 specific dsRNA mo fecufcs thai 
modulate EgS Mene iPKpTesSlim activity are expressed, fern transcription imks inserted 
into DMA orRNA vectors (see, e,g, ? Couture, A, et aL, TIG, (1996), 12:3-10; 
Bfcillern, A., si at, international PCI Piihlieation No. WO 00/221 13, Conrad, 
International PCT FuMieation No. WO; 00/22114, and Conrad, US Pat Mo, 
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6,054,299). lliese 0:ansgenes cap be introduced as a linear construct, a circular 
piasmid, or a viral vector, which can be incorporated and inherited as a transgene 
integrated into the host genome. The traaagene can also be constructed to permit it to 
fee inherited as an exiracbromosomal piasmid (©assmarm, et al, Pr&c, Natl dead. Scl 
USA (1 995) 92:1292), 

Die individual strands of a dsRN A can be transcribed by promoters on two 
separate expression vectors and co-transfected into a target eel! . Alternatively each 
individual strand of the dsRNA can be transcri bed by promoters both of winch are 
located on the same expression plasmid. In a preferred embodiment, a dsRNA is 
expressed as an inverted repeat joined by a linker polynucleotide sequence such thai 
the dsENA has a stem and loop structure. 

The recombmant ds'RNA expression vectors are generally DNAplasinids or 
viral vectors. dsRNA expressing vira! vectors can be constructed based on, but not 
limited to, adeno-associated virus (for a review, secMuzyezka, et fit., Cum lopux 
Micro, Immunol (1992) 158:97-129)); adenovirus (see, for example, Berfcner, et ai ? 
BioTeehmques (1998) 6:616), ilosenfeid etal. (1991, Science 252:431-434), and 
Rosenfekl et ah (1992), Cett 68; 143-1 53)); or alphavirus as well as others known in 
the art, Retroviruses have been used to introduce a variety of genes into mmy 
different cell types, including epithelial ceils, in vitro and/or in vivo (see, e.g., EgHtis, 
ei at., Science (1985) 230:1395-1398; Danes and Mulligan, Pmc. Nail Acted Scl 
USA (1998) 85:6460-6464; Wilson et ah, 1988, Proc. Nail. Acad. Sci. USA 85:3914- 
3018; Annentaoo et al, 1990, Proc. Natl. Acad. Sci. USA 87:6141 6 1 43; Hober et ah, 
: 99 h Proc. Natl. Acad. Sci. USA 88:8039-8043; Perry et al., I99U Proc. Nasi. Acad. 
Sci. USA 88:8377-8381: Chowdnuryet ah, 1991, Science 254:1802-1805; van 
Beusecbem. et ah, 1992, Proc. Nad. Acad. Sci. USA 89:7640-19 ; Kay et al, 1992, 
Human Gene llerapy 3:641-647; Dai et al., 1992, Proc. Natl.Acad. Sci. USA 
89:10892-10895; Hwu et ah, 1993. 1. Immunol. 150:4104-4115; U.S. Patent No. 
4,868 J 1 6; U.S. Patent No. 4,980.286; PCX Application WO 89/07136; PUT 

73 



WO 2007/115168 



PCT/US2007/065636 



Application WO 89/02468; PCX Appli cation WO 89/05345; and PCX Application 
WO 92/07573). ReeotnMnant retroviral vectors capable of iransdodng and expressing 
genes inserted into the genome of a ceil can be produced 'by tmnsfeting the 
reconifoin^t retro viral genome into suitable packaging cell lines such as F A3 17 md 
Fsi-CRIP (Cometie et aL, 1991, Human Gens Therapy 2:5-10; Cone et &L, 1984, Free, 
Natl Acad, Soi USA 81 ;6349)> Recombinant adenoviral vectors can. be used t o infect 
a wide variety of cells and tissues in susceptible hosts (e.g, f rat hamster, dog, and 
diimpaiivice) (llm et al, 1992, J . Infectious Disease, 166:769), and also have die 
advantage of no t reqiri ring, msioticaHy acti ve cells for infection, 

The promoter driving dsRNA expression in either a DNA plasmid or viral 
vector of the invention may be a eukaryotte RNA polymerase I (e,g, ribosomal RNA 
promoter), RN A polymerase II (e g. CMV early promoter or actus promoter or U I 
snRNA promoier) or generally RNA polymerase lit promoter (eg- U6 snRNA or 7SK 
RNA promoter) or a prokaryotic promoter, for example the T7 promoter, provided tbe 
expression pfasmld also encodes T7 RNA polymerase required for transcription feom 
a T7 promoter. Hie promoter can also direct transgene expression to the pancreas (see, 
e.g. the insulin regulatory sequence for pancreas (Btiecliini et &L 1986, Proe. Mail 
Acad. Sci USA 83:251 1-2515}). 

In addition , expression of the traasgene can be precisely regulated,, fox 
example, by using an inducible regulatory sequence anct expression systems such as a 
regulatory sequence thai is sensi tive to certain pfiy sio IogicHl regulator^, e.g; > 
c-rcn!ating glucose levels, or honnones (Doeherty et aL 5 1994, EASES J. 8:20-24). 
Such inducible expression systems, suitable for the control of transgene expression in 
cells or in mammals include regulation by eedysone, by estrogen , progesterone, 
tetrac^eline, elicmical inducers of dimerixaiion, and kopropy!-b€?ta-Dl - 
thiogaketopyraj^oside (EPTG). A person skilled m the art would be able to. choose the 
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appropriate regulatory? promoter sequence based en the intended use of the dsRNA 

Generally, reconibinant vectorS: capable of expressing dsRNA molecules are 
delivered as described below, and persist in target ce!i$; Alternatively* viral vectors 
can be used that pro vide fbr : traiwent expression of dsRNA molecules. Such vectors 
can. be repeatedly administered as necessary. Once expressed, the dsENAs bind to 
target RN A ami modiikm lis function or expression. Delivery of dsRJNlA expressing 
vectors can be systemic, such as by. intt&v&iaus' or inirmmiscular adnunis^ation^ by 
administration to target cells e&~pianted from the patient foil owed by reiBtroduciion 
"bto the patient, or by any other means that allows for introduction into a desired target 
celt 

cfeRNA expression DN A plasmMs am typically transacted into target cells as 
a complex with eationie lipid carriers (e,g, Oligofectaniioe) or non-eationie lipid- 
based earners (e.g. I ransit-TKO™), Multiple lipid transections for dsRHA-mcdiatol 
knockdowns tai^^ing different regions of a single Eg5 gene or multiple Eg5 genes 
over a period of a week or more are also contemplated by the invention* Successful 
introdnctlon of the vectors of the invention into host cells ean.be tnonitered using 
various known methods, For example, transient transaction, can be signaled with a 
reporter, such as a fluorescent marker, such as Green Fluorescent Protein (GFP), 
Siable transfection, of ex vivo cel ls can be ensured using markers that provide the 
transacted cell with resistance to specific environmesitai factors <e>g v antibiotics and 
drugs), such as hygromydn 8 resistance. 

The EgS specific dsRN A molecules can also be mserted into vectors and used 
as gene therapy vectors for human patients. Gene therapy vectors can be delivered to a 
subject by, for example, in^avesKius injection, local adnnmstration (see U<S: Patent 
5328,470) or by stereotactic injection (see e.g., Chen ct ai (1994) Proc. Natl Acad, 
Sol U S A 91:3054-305?}.' Tim phannaceuiiea! preparation of the g« therapy vector 
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can include the gene .therapy vector in an acceptable diluent or can comprise a slow 
release matrix in which ilw gene deli very vehicle mibac3.<ied, Alteriiatively, w&ere 
the complete gene delivery vector can be prtxiaced intact irom recombinant cells, e.g., 
retroviral vectors, the phamiacemica! preparation can include one or more cells which 
produce the gene delivery system. 

Eg 5 mKMA to vitro screening via, cell proiy^ijoB 

As silencing of Eg5 has been shown to canse mitotic arrest (Weil D, et al 
[2002] Bidtechniques 33: 1244-8), a eel) viability assay was used for siKNA activity 
screening. HeLa ecik (14000 pet well [Screens I ami 3] or 1 0000 per well 
[Screen.2])) were seeded in 96-well plates and simukaneously traBsfocted with 
Lipofe^amine 2000 (hivitrogen) at a final siRNA concentration in the well of 30 nM 
and at final concentrations of 50 nM (I* screen) am! 25 nM (2 nd screen). A subset of 
duplexes was tested at 25 nM in a third screen (Table % 

Seventy-twd ho urs post-tra^sfection v eeli proliiWaiion w as assayed the 
addition of WST~1 reagent (Eoche) to the culture raedinm, and sufeseqtient absorbance 
rnaasumnent at 450 nm. The absorbance value for control (non-transfecied) ceils was 
considered 100 percent, and absorbances for the slRNA transfected wells were 
compared to die control value. Assays were performed in sextnplicate for each of 
three screens. A subset of the siRNAs. was further tested at a range of siRNA 
concentration. Assaj^ were perfbnned in HeLa cells (14000 per well; method same 
as above. Table 5). 
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Relative afesorbance at 450 nm 










Screen I 




Screen EI 




Screen HI 
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mean 
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Mean 
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AL-DP-6232 ' 


16 
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37 


7 


52 


14 


AL-DP-6233 


31 
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49 


12 
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103 


40 


141 


29 ; 


164 


45 


AL.DP-6233 


107 


34 


140 


27 


195 
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12 


54 
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56 


12 


AL-UP-6237 
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14 


108 


in 
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Table 5 



The nine siRNA duplexes that showed the greatest growth inhibition in Table 
5 were re-iesied at a range dfsiRN-A concentrations: in Beta cells. The si.RNA 
conccntmiions tested were 1 00 tM, .33.3 nM, i U nM, 3,70 nM, 1 .23 nM, 0,41 nM> 
0 J 4 nM and 0.046 nM Assays were perlbnned In se^tuplieate, and the concentration 
of each siKNAwssultixtg in fifty percent inhibition of cell proliferation (\£m) was 
calculated This dose-response analysis was performed between two and four times 
for each duplex . Mean IC 5 o values (nM) are given in Table 6, 
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| Duplex 


Mean iC$Q j 


I AL-DP-6226 


15,5 | 


1 AL-DP-6229 


3,4 j 




* i 


AL-DF-6232 


17.5 | 


i 








j AL-DP-6242 


_ _j 


I AL-DP-6243 


2.6 | 


| AL-DF-6244 

i 


8.3 j 

•3 




I J ! 



T able 6 



Egg, siRNA in vitro sa ^emim via cell fitoIiferBtM 

Directly before t^isfection, Beta S3 {ATGG-Nuailber; LCG 
Ftomoetem GmbH, Wesd, Germmy) cells were seeded at L5 x. 10* celts / well on 
96-wetl plaits (Greiner Bio-One GmbH, Frickanliausen, Grnnmy) in 75 pi of growth 
medium (1 lam's P12, 10% fetal ca!f seronu lOOupenklllin / 100 ^g/ml 8treptomyi;u^ 
a=l from Biochrom ML Berlin, Gennany)./rraii$fections- were performed in 
quadruptkate^ For each well 0.5 pi Iipofectamine200C) (Inviirogen GmbH, 
Karlsrahe, Gennany) weretmxed with 1 2 |d Gpii-MEM (fcm^ 
for 15 -mm M room temperature. For fee siRNA eoncentmti.on being. 50 nM in the 100 
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l& immimtton vol ume, I -kl of a 5 liM siRNA were mixed with 1 1 S M 1 Opti~MEM 
per well combined with the Lipoffectamin€2CK}0-Opd-MEM mixture and again 
incubated for IS minutes al room temperature. siRNA4ipofeeta^ 
were applied completely (25 fil each per well) to the cells and cells were inciAaied for 
24 h at 37°C mid 5 % CQ 2 in a humidified incubator (Hemcus GmbH, llanau). The 
single dose screen was done once at 50 nM and at .25 aM, respectively* 

Cells were harv ested by applying 50 ul of lysis., mixture, (content . of the. 
QuantiCfene. bDNA-Mt from Genospectra, Fremont, USA) to each well containing .1 00 
ul of growth medium and were lysed at 53 °C for 3 0 mm. Afterwards, 50 ul of the 
lysates were incubated with probes ets specific to btmian Eg5 and human QAFDK and 
proceeded according to' the manulncturer's protocol for QuantiCiene. in the end 
chcmolmnin^scence was sneaswed lit a Vietor2~Light (Perkin Bhner, Wiesbaden, 
Germany) as RLUs (relative light umis) and values obtained with the hEg5 probesei 
were normalized to the respective G APDH values for each well. Values 'obtained, with 
siRN As directed against E§5- were related to the value oM&med with an imspedfe 
siRNA (directed against JiCV) which was set to 100% (Tables I, 2 and 3>- 

EJfectivc siRNAs from, the screen were further characterized by dose response 
curves, Tm0$fections of dose response curves were performed at the folio wing 
concentrations; 100 nM, 16'7 nM, 2.8 nM ? 0,46 nM, 77 picoM, 123 pleoM, 2 A 
pieoM, 035 pieoM, 59 S fM ? 9,9 fM and mock (no siRNA) and diluted with Opti- 
MEM to a filial concentration of 123 ul according to the above protocol Data 
analysis- was performed by using the Microsoft Excel add-in software -.XL-Hi 4.2 
(IDBS, Guildford, Surrey, UK) aad applying the dose response mode! number 205 
(Tables 1, 2 and 3). 

The lead si RN A AD 1 21 15 was additionally analysed by applying the WST- 
proliferation assay from Roche (m previously described). 
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A subset of 34 duplexes from Table 2 thai showed greatest activity was 
assayed by^te^ at feial conmntmtkms mtrging. from lOO&M to 

1 Oilvl Trans&ciions were performed m quadruplicate. Two dose-response assays 
werit porfonne-d. &r each, duplex The concentration giving 20% (IG20), ,50% (IG50) 
md 80% (IC80i ruction ofKSP mRNA was calculated for eeidi diiplcx, (Table 7), 
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SikwiHg of liver EgS/KSF to; j uveaile rats following s togle-boius 
atisiiiiiistr^tloH of LNP0I formulated siHNA 

From birth until approximately 23 days of age, EgS/KSP expression: cm be 
detected in the git> wing rat liver. Target silencing with a fonmrfatscl EgS/KSP sIRNA 
was evaluated in juvenile rats. 

KSP Du pl ex Tested 

liiiptez m tss-gct --Sen*?-- Ax^isxs* 



Dosing of animals, Male, juvenile Sprague-Dawlev mis (1 9 days old) were 
administered single doses of lipidoid fLNPOl") formulated siRNA via tail vein 
in jection. Groups of tm animals received doses of 1 0 milligrams per kilogram 
f nig/kg} bodyweighl of either AD6248 or an uuspedfie siKNA. Dose level refers to 
the amount of si&NA duplex admmisterai in the fbrmuMion. A third group received 
pho^phale-buffeed saline. Animals were sacrificed two days after siRMA 
admirasiratioii. Li vers were dissected, flash frozen, in liquid Nitrogen and pul verized 
into powder^:. 

mRMA memurements. Levels of EgS/KSP mRNA were measured in livers 
from all treatment groups. Samples of eaeh liver powder (approximately ten 
milligrams) were homogenized in tissue lysis buffer eoMaimng proteinase K, Levels 
of EgS/KSP mi GAFDH mRNA were measured in triplieate for each sample using 
the QuaBtigime branched DN A assay (Geuo Spectra). Mean values for EgS/KSP were 
nonnatod to meats GAFDH values for each sample. Group means were deicnxi.rn.ed 
and nonuaiteed to the PBS group for eash e^pertoem. 
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Statistical analysis. Significance wm &eipmnn8& fey ANOV A . followed by the 
Tufcey post-hoc test 

Results 

Data Summary 

Mean values (^standard deviation) for Eg5/KSP biRNA are givsn. Statistical 
significance (p value) versus the PBS group is shown <rts ? not signifieaBi [p>Ck05|}, 

B&periment 1 

VBC3P/GAFDH p value 

PBS LCte0.47 

AD624S 10 mg/kg 0.47^0.12 <0.00i 

unspec !0mg/kg I,0-±:Q,26 m 

A statistically signiSeant reduction in liver EgS/KSP mENA was .obtainccj 
fonowmg treatment with ibraiulated A06248 at; a dose of 10 ?ng/kg, 

SBe&dMg of rat liver VEGF ibllowittg mtmvenosis tefiistos vf LMFQI 
.foritmteted siRNA depletes 

A *1ipkk}ieP fonnolation comprising an ^uimolar mixture of two siEHAs was 
admini^erod to tats. One siRNA (AD3133) was ducted towards YEGF, 11^ other 
(AD ! 21 1 5} was directed towards EgS/KSP, Since Bg5/KSP common is neatly 
amieieetabte In the adult rat liver, only VEGF levels were measured foil owing sif^A 
treatment 
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siRN A duplexes MtoMfftered 

D^ex. m Tmp* .Sense Mtos^ 

A:03i 35 VJ&BP OcAcAa AGO AG AGAuOAGCUsU (SEQ ID. NO; 1242) A AGCUsAUCUC UCCwA«QiifXAi>%r ( :SV±0 ID NO; i 24 s) 

Key: A,G ; C,U"ribofiucieo^des; c,u-2M>Me rihomideotides; 
phoiphorotMoate. 



Dosing pf cmim&is. Adult, female Sprague-Dawlej? rats were administered 
llpidoid,( i "LNP0r s ) toxulated siRNA by 4 twb^idxtr: infusion into the fenomi vein. 
Oroops of fiyur animals recei ved doses of 5 ? 10 mrf 15 milligrams per kilogram 
(mg/kg) bodyweighi of formulated siRNA. Dose level refers to the total amount of 
siRKA doplex admmi^tered in the formulation. A fourth group received phosphate- 
buffered saline. Animals were sacrificed 72 hours after the m& of the siENA infusion, 
livers : were dissected, flash teen m liquid N;itrogm ami pulverized mi® powders. 

Formulation Procedure 

The lipidoid ND984I 1GI (MW 1487) (Formula 1), Choksterol (Sigma- 
Aidrich), ami PE6-Ceramide C I 6 (Avanti Polar lipids) were used to prepare lipid- 
siRNA naTiopartieles, Sleek solutions of each in ethanol were prepared: ND98, 133 
mg/niL; Cholesterol, 25 mg/mL PEG-Ceramide €3 6 7 TOO mg/m'L> ND9S» 
Cholesterol and PBG-Ceramide C 1 6 stock solutions were then combined m a 
42:48: 10 malar ratio. Combined lipid solution was mixed rapidly with aqueous 
ssRNA (in sodium.aeetato.pH 5) such that the final ethanoi eo&cen&atiott wax 35-45% 
and the final sodium acetate concentration was 1 0G~3 Q§ mM . LipkKsiRNA 
nanoparhdes formed spontaneously upon mixing. Depending on fee desired particle 
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mm distributian. the vpmMmi natiopaTticlc mixture was in some eases extruded 
through a polye^rbonate membrane (100 nm eiri-off) using a thermoharrel extruder 
(lipex .Extrmte; NortB^m Lipids, Ine). In other cases, die extrusion step was omitted. 
Bthanol removal ami dmultaneous buffer exchange was accomplished by either 
dmlysis o.r tarigential flow filtration, Buffer was exchanged to phosphate buffered 
Mlfee (PBS) pH 7.2, 



O 



H 



A>\, /\ --^N 

Q H ^ ^ 



H 



Isomer i 



Formula I 

Charucimi^l<^ r &f formulations 

Formulations prepared by either the standard or extrusioTi-free m^hod are 
eharacterked in a similar manner. Formulations arc first eharaeterizea by visual 
inspection. They should be whitish translucent solutions, free torn aggregates or 
sediment. Particle size and particle size distribution of lipid^anopartldes are 
measured by dynarnk light seattering using a Malvern Zel&sizer N&no ZS (Malvern, 
U SA). Particles should he 20-300 nm, and ideally, 40-1 00 nm in size. The particle 
si^e distribution should he ummodal The total sIRHA concentration m the 
lbnBulaiion v as well as the entrapped fraction, is estimated using a dye exclusion 
assay . A sample of the formulated siR^ A is incirhaied with the RN A-hmding dye 
Eihogreen (Molecular Probes) in the presence or absence of a ibrmutetion di snipting 
suriheiant 0.5% Triton-X? 0(5. The total siRNA in the lormuiation is determined by 
the signal from the sample containing the surfaetant, relative to a standard eurve, The 
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entrapped iractton is determined by subtracting the .**fteef* siRNA content (as 
measured by the signal in the absence of surfactant), froifrthe total idftNA eontent 
Fcjiceiit entrapped siRNA is. typically >85%. 

mMNA measitremenis. Samples of each liver po wder (appt oximMcly tea 
milligrams) were bOH\oge?rized m tissue lysis buffer containing prateiaaise JL Levels 
of VEGF GAPDH mRNA were measured m triplicate for each sample using the 
Quantigens branched PN A assay (GenoSpeetra), Mean values for VEGF were 
nonimli^ed to mean GAPDi ! values .for each sample, Group nseasis were determined 
and nomuili^ed to PBS group for each experiment. 

Protein -measurements-. Samples. <>f each K ver powder (a^roxiih^ly 60 
milligrams:) were homogenized in 1 mi RiPA buffer. Total protein concentrations 
were deienmued r^ing- ilrtt Micro BOA protein assay kit (Pi^ce)/ S amples of total 
protein trom each animal used to determine VEGF protein levels using a VEGF 
BU S A assay (R&D systems). Gro up means were determined and nommlized to the 
PBS group for each mperimerii. 

Statistical anafysis. Significance was determined by ANOVA followed by the 
Tufcey post-hoe test 

Results 

Data S ummary 

Mean values ^standard deviation) for mRMA (V EGF/GAFDH) and protein 
(VeL VEGF) nm shown for eaeh treatment group. Statistical signtfieanea (p value) 
versus the PBS grcmp. for each experiment is shown. 



VEC3F/GAPDI1 



p value 



re! VEGF 



p value 



PBS 



Lmm-7 
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5 .rag/kg 0-74*0.12 <O.D5 0,23*0.03 <0.001 

]()Tng/kg 0.65*0.12 <0.005 0,22*0,03 <0.001 

ISmg/kg: 0.49*0. 17 <0,001 0.20*0,04 <QMl 

Statistically significant reductions in liver VEGF m'RNA and protein were 
measured si all iteee sIRNA dose levels. 
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CLAIMS 

1 , A dauble^stmnded ribonucleic acid (dsRMA) for inhibiting the expression of a 
human EgS gene in a ceil, wherein said dsEM A comprises at least two 
sequencer that are complementary to each oiker and wherein a sense strand 
compnses a first sequence and .an antisense strand comprises a second 
sequence comprising a region of complementarity which is substantially 
conxplcmentary to at least a pari of a mRMA encoding EgS* and wherein said 
region of compleni^ntarity is less than 30 nucleotides in length and wherein 
said dsRNA, ixprnx contact with a cell expressing said BgS, inhibits expression 
o f said Eg5 gene r 

2, TlwMW^A 'P'i claim U wherein said first sequence is selected from the group 
consi sting of the antisense strand sec|nerices Tables 1 ~3 and said second 
sequence is selected ftm ie group consisting of the sense strand sequence of 
Tables 1-3. 

3 , The dsRNA of dmm L wherein said dsRNA oompises at least one modified 
nndeotide- 

4> The ilsRN A of claim 2, wherein said dsRN A comprises at least one modified 
nucleotide, 

5. The dsRNA of claim 4, wherein said modified nucleotide is chosen from the 
group of: a 2 : <)^e%! modified nucleotide, a nucleotide comprising a "5^ 
pbo^b^M^^^^v^ * tcrmi^ai nucleotide linked to a eholesteryi 
derivative or dodecanoie acid hisdeey? amide group. 

6. The dsRNA of claim 4, wherein said modified nucleotide is chosen from the 
group of; a 2>-deoxy^2 -ftuoro modified nucleotide^ a 2 -deoxy-modificd 
nneteodde, a locked nueieoiide, an ahasic nucleotide, 2^amino-modified 
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nucleotide 2' -a Ikyl -modified nucleotide, morpholino ..nucleotide, a 
pliospferamiciate^ 'mil a noii-natural base comprising iiueleodile. 

7,' The clsRN A of el&hn 4. wherein said first sequence is selected from the group 
consisting of Tabl es 1-3 and said second sequence is selected train the group 
consisting of Tables 1-3, 

8-. A cell comprising the dsRN A of claim I , 

9 - A phamiaceuiicai composition for inhibiting the expression of the Eg5 gene 
comprising the dsEN A of claim 2, 

1 0, The pharmaceutical composition of claim % wherein said fest setpenee of 

said dsRNA is selected torn the group consisting of seme strand sequences of 
Tables IS md said second sequence of said dsRNA is selected from the group 
consistin g of thiumtisense strand sequences of Tables 1-3 . 

I L The phannaceutical composition of claim 10 further comprising a dsR!^ A that 
inhibi ts the expression of the VBGF gene, 

12. A method for inhibiting the expression of the Eg5 gene in a cell the method 
comprising; 

(a) introducing into the cell the ds EN A of claim 2; aid 

(B) mam.tamiiig; the cell produced in step (a) for a time sufficient to 

obtain degradation of the mKNA traBseript of the Eg5 gene, feerehy inhibiting 

expression of the Eg5 gene in theeeli 

13 . The method of claim 12 wherein a second dsRNA that inhibits the expression 
of VBDF is introdoeed Into said ceil 

14. A method of treating, preventing or managhig pathological processes mediated 
by BgS expression comprising adminMering to a patiem in ueed of such 
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treatment, prevention or Bianagement a therapeutically or propIiylacticaUy 
elective anionni of the dsRNA o f claim 2; 

1 5. The method of claim 14 further .comprise administering a second dsRNA that 
inhibits the expression of VEGF, 

16. A vector for inhibi ting tho expression of the Eg5 gene m a celt sai d vector 
comprising a rcgidaiofy sequence operahly linked, io a nucleotide sequence 
that encodes at least one strand of a dsRNA, wherein one of the strands of said 
dsRNA is substantially complementary to at least a part of a mliNA encoding 
EgS and wherein said d&RNA is less than 30 base pairs m fengih mid wfaereia 
said dsRMA ? upon contact with a ceil expressing said EgS, inhibits the 
expression of said Eg5 gene by at least 40%, 

17. A cell comprising the vector of ekini 16, 



